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Abstract 
 
The concept of project based learning is best presented in the following scenario: 
 
Figure 1.0 Possible Cofferdam Construction Site 
 
 
This is a project based learning task involving research in relation to the design of a cofferdam. 
The following scenario was presented to a student by a project supervisor for a final year 
research project (ENG4111 Research Project Part 1 and ENG4112 Research Project Part 2). 
 
“Imagine you are a graduate civil engineer working for a Geotechnical Consulting firm. Your 
boss confronts you one day and gives you a photograph of a possible project site (Figure 1.0). 
Your boss is a typical business manager with non-technical experience in relation to 
geotechnical engineering. He/She may be incredibly vague as to what project analysis is 
required for the problem and would be only interested superficially from a cost-benefit 
perspective.  It is your job, as a geotechnical engineer, to do a preliminary investigation of the 
possible project site. You must present and discuss implications that may arise through your 
analysis. Address the investigation and present outcomes in a professional manner and 
demonstrate your critical thinking, concepts and assumptions. 
 
Present all findings in your dissertation. The last date to submit the dissertation is 28 October 
2010.” 
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1.0 Introduction 
 
1.1Background and introduction 
 
The purpose of this research project is to use problem based learning to develop an 
understanding of flow net theory. Flow nets are graphical engineering tools that are used to 
determine flow of water from one soil medium to an excavated or dry working area 
(Forchheimer PE, 1902). This research project is being used to demonstrate the concept, critical 
thinking and analysis required to solve a relatively vague engineering problem. This appreciation 
represents the research, brainstorming and thinking involved thus far in this project based 
learning environment (Redshaw SC & Rushton KR, 1979). 
It must be noted that problem based learning involves the use of justified assumptions. Although 
depth of research is used in this appreciation, assumptions are made in a professional engineering 
manner to demonstrate real life engineering practice (Hausmann MR, 1990). The role of an 
examiner compared to a student must be stressed in this regard. It is important to always conduct 
work in a way that it would be presented to an examiner or a professional supervisor. It is 
important to make the distinction between what must be recognized, reported and understood by 
an examiner from the student perspective.  
Likewise it is important that this research dissertation presents the way in which a student should 
go about solving a potentially complex problem. For field, site and construction engineers it is 
always essential to make quick and accurate engineering estimations (Muskat ME, 1937). The 
flow net analysis is a relatively disjointed and incomprehensive engineering tool that is not used 
extensively in industry. It is the purpose of this project based learning approach to demonstrate 
the quick and effective way in which flow nets can be used to accurately model the flow of water 
through soil mediums (Hausmann MR, 1990).  
Cofferdams are a widely utilized construction technique used to create a dry, consolidated 
working area for foundation construction through the displacement of water. In most cases 
cofferdams can be defined as a working area below water table level, but exhibiting a dry 
working environment. A flow net is a graphical means of representing the seepage of water from 
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the exterior environment into the cofferdam construction area. Flow nets were first developed in 
the nineteen hundreds by Philipi Forchheimer, an Austrian Engineer who used flow nets to 
predict the seepage of water into a tunnel under the English Channel (Muskat ME, 1937).  
The purpose of this project is to use a flow net analysis method to correctly determine the 
seepage into a cofferdam working area. There are several engineering textbooks that detail the 
method of flow net graphical construction, but there are errors in the calculations and there are 
some discrepancies present (Redshaw SC & Rushton KR, 1979). This project will aim to provide 
a comprehensive understanding, analysis and design procedure for the correct evaluation of 
cofferdams using flow nets. This project will involve extensive literature review, numerical 
analysis and physical modeling.  
One aspect that this project offers is the ability for it to be used as a teaching tool (Forchheimer 
PE, 1902). Investigation into professional report writing, formatting procedure and detailed 
professional writing will be included in the scope of this project. Not only will numerical 
modeling and physical modeling be evaluated, but also the application of corrected flow net 
theory to the construction of cofferdams. This project (Hausmann MR, 1990) aims to produce a 
comprehensive overview of flow nets and their correct application to cofferdam construction.   
 
1.2 Objectives and problem definition 
 
Project based learning is best described and demonstrated through the application and 
presentation of an actual scenario. This research project will aim to demonstrate the benefits, 
rewards and meaningful outcomes that can be learned and achieved through project based 
learning. The following scenario is an example of a project based problem that will be explained 
and solved through the course of this dissertation. It is important to understand the importance 
and impact that this scenario should have on graduating engineers as they depart from USQ 
(University of Southern Queensland). 
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Figure 1.1 Possible Cofferdam Construction Site 
 
 
This is a project based learning task involving research in relation to the design of a cofferdam. 
The following scenario was presented to a student by a project supervisor for a final year 
research project (ENG4111 Research Project Part 1 and ENG4112 Research Project Part 2). 
 
“Imagine you are a graduate civil engineer working for a Geotechnical Consulting firm. Your 
boss confronts you one day and gives you a photograph of a possible project site (Figure 1.1). 
Your boss is a typical business manager with non-technical experience in relation to 
geotechnical engineering. He/She may be incredibly vague as to what project analysis is 
required for the problem and would be only interested superficially from a cost-benefit 
perspective.  It is your job, as a geotechnical engineer, to do a preliminary investigation of the 
possible project site. You must present and discuss implications that may arise through your 
analysis. Address the investigation and present outcomes in a professional manner and 
demonstrate your critical thinking, concepts and assumptions. 
 
Present all findings in your dissertation. The last date to submit the dissertation is 28 October 
2010.” 
The following dissertation and accompanying chapters will now be presented in a fashion and an 
effort to represent the process of project based learning involving cofferdams.  
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1.3 Organization of thesis 
 
The concept, analysis and critical thinking involved in flow net theory research project will be 
presented as a research project dissertation. The following diagram represents the organization 
and overviews that each chapter will aim to present: 
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The concept, analysis and critical thinking involved in flow net theory: A project based 
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1.4 Preliminary Scenario 
 
Project based learning is an important concept and skill to attain. The geotechnical engineering 
problem that has been presented in this research project can be interpreted in many different 
ways. It is important to initially research and document the different ways in which a problem 
can be interpreted and thus solved. Brainstorming and mind mapping is a conceptual tool that 
can be used to organize and present the different thoughts and ideas an individual may have 
towards a problem in an ordered manner.  
It is important to recognize what a manager or boss is directly interested in. Presenting all 
information in a logical and easily understandable way is essential. The best way to go about 
forming, presenting and justifying your interpretation of a problem is best described in the 
following figure: 
 
 
 
 
 
 
 
 
 
Figure 1.3 Organization of preliminary scenario 
 
This process of organization and interpretation of solution ideas to the given project based 
learning problem will be further discussed in chapter two. It is important to recognize and 
understand this ordered process of information presentation. 
 
Brainstorm Mind Map Define 
Analyze Decide Act 
Review 
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2.0 Breakdown of works for flow nets 
 
2.1 Synopsis 
 
The purpose of this chapter is to develop a foundation of understanding on where to start to solve 
the given geotechnical research problem. This chapter will look at the brainstorming approach 
used to define the given problem. In particular, the different perceptions and ideas that can be 
drawn on to make separate assumptions, conclusions and summaries will be evaluated. A review 
on the use of flow nets and their history will be presented, along with detailed causes for error, 
misconceptions and technical correction methods (Boss S & Krauss J, 2007).  
 
The assumptions involved in the use of flow nets will also be presented in this chapter. 
Applications of flow nets and the simple use of them will be presented in a logical way 
throughout this chapter. Behaviour of flow nets and the conclusions that can be drawn from them 
will also be presented. Flow nets will be explained in this chapter and following chapters to more 
thoroughly understand their benefits to the engineering community (Boss S & Krauss J, 2007).  
 
2.2 Introduction 
 
Project based learning is a method of teaching used to encourage students to look outside the box 
in terms of solution approach, communication and complexity. This method of teaching 
challenges students to take advantage of broader skill sets to analyse and develop solutions in 
many different ways towards a given problem. Projects are a way for teachers to rejuvenate and 
immerse themselves in different academic ways in order to understand student interpretations of 
problems. (Boss S & Krauss J, 2007) It is important to understand that students live and learn in 
the real world. A student gains a certain amount of self worth and understanding by being 
permitted and encouraged to attack project based learning tasks. In the eyes of a student, there is 
no substitute for the project work that has direct relation to work they may encounter in the field. 
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The first step after being given a project to solve is to begin the brainstorming process. In the 
case of cofferdams, this brainstorming approach leads to the review of flow net theory and the 
graphical interpretations that can be deduced from it. Understanding the flow net approach to 
solving this problem is one simple way from a possible infinite ways to address this research 
project.  It is vitally important to present and address the background aspects of flow nets and 
give examples of uses, reasons for application and possible areas of concern or errors. 
Assumptions and technical understanding of flow nets will be presented in the accompanying 
chapter.  
2.3 Brainstorming Approach 
 
The first step in analyzing the given research problem is to „mind map‟ or „brainstorm‟ initial 
thoughts, ideas and preconceptions. Brainstorming is basically a process where all ideas are 
transferred from the thoughts in an individual‟s mind to words, groupings and idea bubbles on a 
page. Brainstorming is an example of transferring ideas into actual readable literature. Basically 
brainstorming is turning ideas into reality and then evaluating their worth.  Brainstorming a 
multiple step process whereby each brainstorming routine further defines the perception and idea 
that will eventually be presented in a research project report.  
Taking into account the geotechnical flow net problem that has been presented, an initial 
brainstorming exercise may look something like the following figure: 
 
 
 
 
 
 
 
Figure 2.1 Initial brainstorming results 
Problem could be: 
Foundation Design 
Bridge Design 
Gas exploration 
Environmental 
investigation of 
underlying soil 
Research mining of 
soil/ minerals in the 
area 
Coffer dam design 
and analysis 
Construction of a dam 
for water supply 
Tunnel excavation and 
analysis of soil in the 
area 
Oil rig exploration 
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From this initial „mind mapping‟ or „brainstorming‟ approach, it can be seen that a seemingly 
simple geotechnical problem can be interpreted in many different ways. Given minimal detail in 
a project scenario allows a student to draw upon many different avenues from where to start 
researching a solution.  
As detailed in the previous figure, the problem scenario can be read and interpreted in a variety 
of different ways. Brainstorming allows a student to express these initial ideas and further refine 
them in successive brainstorming sessions. The given problem relating to cofferdams could be 
interpreted as a foundation design problem, a dam construction exercise, a tunnel excavation 
project or many other alternatives. Obviously a student must brainstorm further to express more 
refined ideas. To give students a guide in the direction of their thinking when setting a project 
based learning task, it is important that students use a method of solution that correlates with the 
desired objectives of the learning material for the project.  In the case of this project based 
learning task, it is desired that a cofferdam be analyzed. This would be the main idea or 
conclusion you would draw from this initial brainstorming procedure (Boss S & Krauss J, 2007).  
The next brainstorming (Figure 2.2), which is also an example of mind mapping, involves further 
evaluation of avenues that cofferdam construction could be interpreted as. This next step in 
brainstorming should express the different problems that you begin to think of in your evaluation 
process. How can this problem be solved? What solution or direction will the student take? Will 
the student‟s solution be technical? How will the student efficiently document the solution 
process? These are all thoughts, questions and ideas that students should be thinking about when 
going about a solution to the given cofferdam geotechnical problem. The following figure gives 
an example of how the second stage in brainstorming should further refine ideas towards a 
solution process (Boss S & Krauss J, 2007).  
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Figure 2.2 Refined problem brainstorming 
Figure 2.2 Brainstorming two 
As it can be seen, a research project presented to an individual from an authority figure can be 
interpreted in many different ways. Further brainstorming ideas to solve this problem is 
imperative to its solution. Any of the eight ideas expressed above could be used as a solution 
method. Choosing which one involves further successive brainstorming. 
The above figure clearly identifies different ways in which to combat the defined cofferdam 
project problem. This brainstorming approach has clearly expressed several different 
perspectives or procedures that could be used to solve the given research problem. Although this 
brainstorming process has further defined the problem, there is still quite a broad range of 
solution avenues that could be chosen. Further brainstorming must still be done to choose a 
definite solution avenue that can be applied to the problem to best describe a solution process.  
Problem presented to you by 
your boss. Look at possible 
methods of solution. 
Use a trial and error approach to hopefully 
stumble on the solution. This could have 
implications of cost, time and resource loss. 
Analyse the problem as if you were 
constructing a dam. This approach could be 
long, tedious and could result in huge cost 
for little benefit. 
Simply install multiple sheet pile 
walls and only conduct 
construction in winter months and 
periods of little to no rain effects.  
Use concrete to increased 
downward pressure to eliminate 
the need for any analysis or 
engineering thought. This could 
be unnecessary and costly. 
Ignore the problem and hope that everything 
works out on site. This is bad engineering practice. 
A problem presented and analysed in the lab is 
good engineering practice. A problem 
encountered in the field is bad practice. 
Employ a fleet of excavators and 
pumps to be onsite 24/7 to combat 
the problem as it occurs during 
construction. This is not economical 
or efficient in terms of time and 
labour costs.  
Research using flow net analysis. This 
may be a graphical and approximate 
approach method. 
Refer analysis to higher paid hydraulic and geotechnical 
experts. This would be a comprehensive approach, but cost 
extensively and may not be necessary. 
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The next stage in the brainstorming process is to choose a definite avenue through which to solve 
the research problem. With the problem given; the solution process that will be chosen in this 
case is one in relation to flow nets and cofferdams. The below figure illustrates further 
brainstorming on the topic of flow net analysis solution. 
 
 
 
 
 
 
 
 
Figure 2.3 Defined solution method brainstorming 
The brainstorming process or defining, refining, evaluating and reviewing is an important 
process to undertake. The successive brainstorming figures demonstrate this process. A technical 
research report and evaluation can now be conducted to construct a solution report that can be 
presented to a superior management official (Boss S & Krauss J, 2007).   
As has been demonstrated, brainstorming is a vital and necessary procedure to undertake. It is a 
method that documents all thoughts, ideas and procedures that need to be considered when 
addressing the solution of a project based learning exercise. The concepts evaluated in the 
previous figure can now be used to make up the foundation of research for a report. This report 
can then be written up and presented formally to a manager.  
2.4 Approach to examine problem 
 
When developing a solution to a project based learning task, it is important to keep in mind the 
method and approach that will be used to examine the task. It is easy to change approach and 
Solve the problem by treating it as a simply 
cofferdam problem. 
Need to research what a 
cofferdam is and how it can 
be used in an engineering 
context. 
Justify different means of 
analysing cofferdams. 
What failure modes will 
affect a cofferdam? 
Justify cost benefit analysis 
of a cofferdam. 
Will a cofferdam be suitable 
for use in a construction 
project? 
Are there existing modeling 
techniques to simulate the 
effectiveness and benefit of 
cofferdams? 
Are cofferdams the best 
ease of use for analysis and 
construction purposes? 
Will there be any need for 
consultation with experts 
and the possible 
implications of extra costs? 
Could flow nets be used as a simple, 
effective and accurate modeling 
technique? What implications or causes 
for error has this caused in the past? 
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miss items of importance when constructing a report to present to a manager. Problem based 
learning is part of this process. Choosing a solution approach is vitally important. Will a student 
present findings in an essay format, a professional report, a technical report or as a simple email 
answer. All of these methods are beneficial in their own unique ways; however, for the purpose 
of project based learning it is essential to have proper communication and understanding.  
A numerical report could be presented as a solution document, but would be of little 
understanding to a superior manager. It is important to both report technical/numerical 
information, but also draw conclusions and explain their meaning in an understandable way. 
Communication is vital to knowledge and understanding. In the case of this research project 
based learning task, information will be presented in both a professional dissertation format and 
examples of how to write a justified technical report will be given (Boss S & Krauss J, 2007).  
It is important to remember that this geotechnical project based learning task will be researched 
as an example of a professional technical report developed in a dissertation medium. All 
explanations, process and theories explained are drawn on to develop a technical report that 
would covey a solution to the given problem that can be presented to a manager. Use of 
explanation language and a format that explains and conveys knowledge and understanding is 
imperative. The style that this research project will undertake is one that will explain a technical 
report and then use a technical report in which to provide a solution to the given problem through 
the given brainstorming exercises (Boss S & Krauss J, 2007). 
2.5 Review of flow net theory 
 
In solving this research based problem it is important to have a foundation understanding on the 
scientific background of flow nets. Flow nets are graphical engineering tools that are used to 
determine flow of water from one soil medium to an excavated or dry working area 
(Forchheimer PE, 1902). 
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 History of flow net use 
 
The first recorded use of flow nets for engineering analysis was that of Philipi Forchheimer who 
used flow nets to map and calculate the seepage of water in a tunnel beneath the English Channel 
close to the end of the nineteenth century (Forchheimer PE, 1902). Flow nets have the ability 
today to be used in many applications and ways. They can be used to calculate seepage, 
hydraulic gradient, factor of safety, resistance to quicksand failure and can be used as a quick 
and easy engineering analysis tool.  
The flow of water through soils is a concept that must be noted and understood in any 
geotechnical scenario. Water is usually present at different levels in different soil mediums. The 
movement or seepage of this water is essential to account for and understand. Water can cause 
foundation failure, undetermined subsidence and unexpected seepage into any form of 
construction site or excavation. Seepage is fluid flow through porous material. Fluid flow in soils 
is inevitable and important to account for (Forchheimer PE, 1902).  
An example of a flow net is displayed in figure 2.4. This figure illustrates how flow lines and 
associated equipotential lines are combined together to form a flow net that can be used in 
seepage analysis.  
 
(Source: Das 2006) 
Figure 2.4 Flow net example. 
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In the figure 2.4 notice that a sheet pile wall embedded into a soil stratum separates two different 
water levels. Notice that solid lines represent idealized flow lines, while dashed or broken lines 
represent dissecting equipotential drops. The theory of flow net construction is based primarily 
on the steady state heat flow scenarios. Current flow and electrostatics are thermodynamic 
examples of flow net theory. All of these theories are primarily based of the derivation of the 
Laplace equation.  
 
 Engineering process required prior to flow net investigation 
 
Since it has been gauged that the project based learning task in this dissertation will be analyzed 
from a cofferdam and flow net direction it is important to recognize the realistic steps that will be 
taken prior to development works. These steps should be taken to ensure the construction site in 
question is properly understood, prepared and is viable: 
1. It must be evaluated that a flow net analysis is necessary to the proposed project site. 
2. A thorough field investigation should be used to establish soil and geological conditions 
on site. 
3. Field conditions should be documented and experienced evaluation is required. 
4. Adequate field studies, economical analysis and sound design should be proven and 
adhered to. 
5. Instrumentation, specification and observations of the project site should be adequate and 
appropriate for the constructions finished work. 
These steps are essential processes that should be conducted prior to further in depth 
investigation. The assumptions and conclusions proposed through these steps should be noted, 
documented and adhered to.  
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 What is a cofferdam ? 
 
Cofferdams are temporary structures put in place to create dry working areas for construction 
workers to place foundations in areas below ground level particularly in areas of high seepage 
(Luthin JN & Marino MA, 1982). A cofferdam consists of sheet pile walls imbedded to a certain 
depth followed by the excavation of material inside the cofferdam. The key to maintaining the 
structural integrity of a cofferdam is to maintain downward pressure inside the cofferdam. It is 
also imperative to maintain suitable depths of penetration. These factors prevent seepage and 
failure of the structure. Failure can occur by means of overturning, buckling, distortion, 
overbearing and crushing (Harr ME, 1962). The following diagram gives an example of a typical 
cofferdam structure: 
 
 
Figure 2.5 Cofferdam explanation 
Cofferdams are relatively simple structures that have been utilized since BC times. They are 
effective, cheap and useful to the engineering community. Understanding the benefit of 
cofferdam analysis must be ascertained however (Das BM, 2006). 
 
 Permeability 
 
Permeability is the degree to which a material allows penetration of water, liquid or a gas. This 
means that any material that has voids throughout its structure is porous and therefore exhibits a 
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degree of permeability (Redshaw SC & Rushton KR, 1979). The greater the number or volume 
of voids that are in a material, the more permeable it is. A sponge is a prime example of a 
permeability model. As you submerge a sponge in water, its weight changes from relatively 
lightweight to 20, 30 or 40 times its original mass (Forchheimer PE, 1902), this means that a 
sponge has a high number/volume of voids filled by water and therefore a high permeability 
(Fok YS, 1988). 
Permeability of soils can vary greatly in practice. Some soil mediums can be impermeable 
(unable to penetrate, like some layers of rock) while other soils are easily penetrated by water 
(like river sand). This vast variation makes it difficult to predict degree of permeability of a soil 
(Muskat ME, 1937). Many soil tests have been done in this area of engineering and today well 
trained soil technicians can make well justified approximations of permeability based on sight. In 
one dimensional flow, water flows through a saturated soil according to Darcy‟s empirical law 
where (Hausmann MR, 1990): 
𝑞 = 𝐴𝑘𝑖 
𝑞 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑠 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑝𝑒𝑟 𝑢𝑛𝑖𝑡 𝑡𝑖𝑚𝑒 𝑓𝑙𝑜𝑤𝑖𝑛𝑔 
𝐴 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑠 𝑐𝑟𝑜𝑠𝑠 − 𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑎𝑟𝑒𝑎 𝑎𝑐𝑐𝑜𝑟𝑑𝑖𝑛𝑔 𝑡𝑜 𝑓𝑙𝑜𝑤 
𝑘 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑠 𝑡𝑕𝑒 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑖𝑙𝑖𝑡𝑦 
𝑖 𝑟𝑒𝑝𝑟𝑒𝑠𝑒𝑛𝑡𝑠 𝑡𝑕𝑒 𝑕𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 
The coefficient of permeability is a factor used to represent the relationship between penetration 
and the volume of voids, the average pore size and soil structure (Byrnes RP & Webster AA, 
1981). The coefficient of permeability varies with temperature as the viscosity of liquids/gases 
change. The table below illustrates the range that permeability coefficients are expected within 
most soil mediums: 
Table 2.1 Coefficients of permeability (m/s) 
1 10
-1 
10
-2 
10
-3 
10
-4 
10
-5 
10
-6 
10
-7 
10
-8 
10
-9 
10
-10 
Clean 
Gravel 
Clean sand and sand – gravel 
mixtures 
Very fine sands, silts and 
clay-silt laminates 
Unfissured 
clays and 
silts Desiccated and fissured clays 
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As illustrated, coefficients of permeability (given in terms of m/s) can vary dramatically and can 
have a huge influence on the inter-particle contact in soil mediums. Permeability occurs in all 
soils and the understanding of its significance is vital.  
 
 Quicksand condition 
 
Quicksand, or soil liquefaction, is a condition where soils act like liquids instead of solids when 
loaded. Loose and moderately saturated materials are prone to soil liquefaction and eventual 
failure (Das BM, 2006). This condition results in the increase in pore water pressure and 
eventual decreased shear strength. Inter-particle bonds no longer maintain the integrity and 
structure of the soil medium and failure by quicksand occurs (Das BM, 2006).   
 
Sands and silts are most prone to quicksand failure in loading situations. Liquefied soil can no 
longer support weight and moves as water moves as pressure is applied. An example of this is 
the presence of sink holes after seismic activity (Cedergren HR, 1989). Saturated sand may 
appear solid but simply flow like water when any load is placed on them. Insufficient depth of 
embedment is a key failure criterion of cofferdams. Quicksand aids this failure as embedment is 
not great enough to support soil structure under water loading. Sand flows and overturning 
occurs (Fok YS, 1988). 
 
 Process of flow net construction 
 
 
Flow nets are a very useful and practical tool that can be used to solve many seepage and 
drainage problems. The analysis of seepage through flow net proper design is essential. The first 
step in constructing a flow net is analyzing whether the site that the flow net applies to is 
confined or unconfined in terms of saturation boundaries. If a flow net has a combined 
component this means that seepage and water is retained within one specific region in relation to 
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the construction being undertaken. The term unconfined means that seepage and water can 
continue throughout the construction area and is indefinite in terms of width and depth. Based on 
the project based learning task provided, it will be assumed that a confined homogeneous soil 
medium is observed (Boss S & Krauss J, 2007).  
The following steps outline the construction process of a flow net on graph paper: 
1. Before practically starting a sketch make sure to choose an appropriate scale on which to 
draw. Using an A4 sheet of graph paper is ideal and a scale of 1:200 usually suffices. 
2. Before starting to sketch ensure that you have accommodated any boundary conditions 
such as possible bedrock, types of soil composition etc. Knowing to account for these 
abnormalities beforehand is essential.  
3. Keep in mind at all times the overall shape, size and configuration of your sketch. Make 
sure that it is symmetrical and makes sense.  
4. Take into account assumptions and the overall look and feel of the sketch. 
5. Draw a cross section of the project site on tracing paper. Use french curves to elaborate 
on a smooth finish of your flow lines.  
6. Use a practical number of lines. Three or four are perfect. Do not clutter up the drawing 
with more flow lines thinking it will improve accuracy. On the contrary this process may 
detract from results achieved.   
Following these six simple steps and keeping in mind assumptions and overall look of the flow 
net is imperative. The figure below illustrates the difference between a good flow net sketch and 
a less desirable and inaccurate sketch (Boss S & Krauss J, 2007).  
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Figure 2.6 Flow net comparisons 
As it can be seen on the left, too many flow lines were used and the overall shape of the flow net 
is not realistic. The sketch on the left also displays a possible incorrect scale and does not take 
into account boundary conditions. The sketch on the right is correct and takes into account all 
rules of flow net construction. 
 
 Behaviour of water in soils - Permeability 
 
The understanding, control and knowledge of seepage is essential in the understanding of the 
problem presented and the solution process. Seepage is the movement of water through voids in 
porous soil material. The seepage of water causes the failure of many civilian structures and can 
be attributed to the main need for a sound understanding of soil characteristics before 
construction (Fok YS, 1988).  
 
Seepage control is an engineering field in itself. Understanding the movement and effects of 
seepage on engineering structure is vital to the construction of any structure (Redshaw SC & 
Rushton KR, 1979). Seepage depends heavily on permeability and is reliant on it. Pressure is the 
major force behind seepage. The force for water to move through soils is dependent on depth and 
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volume forcing and encouraging the seepage. Moisture content and changes in pressure between 
different soil mediums also can enhance or reduce the extent and degree of seepage.  
 
Seepage control is essential. Different engineering structures act in different ways to alter the 
effects of seepage (Cedergren HR, 1989). The following table gives a brief outline of seepage 
control measures in different engineering contexts: 
Table 2.2 Comparison of engineering aspects 
Engineering aspect Means of seepage control Benefit 
Canals Water proofing and design 
Reduce unwanted 
seepage/flow of 
water in/out of 
structure 
City Streets Control of runoff and directed 
storm water flow 
Earth Dams Sealant using dense clays 
Pavements Bitumen overlay 
Slopes Correct gradient and rock overlay 
Cofferdams Increased downward pressure and 
depth of penetration 
Storage wells Pumps and drainage pipes 
Agricultural lands Plastic underlay‟s and channeling 
Retaining walls Anchoring techniques and depth 
of penetration 
 
From this it can be seen that knowledge and understanding of seepage is essential. Seepage must 
be estimated and understood to combat its adverse effects on soil structure. The most important 
thing to understand and comprehend about water in soil is that it will always try to meet 
equilibrium. Meeting equilibrium means that water will fill voids where possible and will find 
the shortest and most efficient flow path to follow. Water will seep in the most efficient way and 
will balance moisture content throughout a soil medium based on earth pressure.  
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 Calculations involved in flow nets 
 
The conservation of mass in relation to Darcy‟s law gives the cause and effect relationship that 
flow net theory is based on. Mass conservation can be applied in the following manner to an 
element of saturated soil (Harr ME, 1962). 
 
Figure 2.7 Element example 
 𝑚𝑎𝑠𝑠 𝑜𝑢𝑡𝑝𝑢𝑡 −   𝑚𝑎𝑠𝑠 𝑖𝑛𝑝𝑢𝑡 =   𝑟𝑎𝑡𝑒 𝑜𝑓 𝑐𝑕𝑎𝑛𝑔𝑒 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑒𝑙𝑒𝑚𝑛𝑡  
∴  𝜌𝑉𝑋 −  
𝛿
𝛿𝑋
 𝜌𝑉𝑋  − 𝜌𝑉𝑋 +   𝜌𝑉𝑌 −  
𝛿
𝛿𝑌
 𝜌𝑉𝑌  − 𝜌𝑉𝑌 +  𝜌𝑉𝑧 −  
𝛿
𝛿𝑍
 𝜌𝑉𝑍  − 𝜌𝑉𝑍 
 
Based on (Freeze and Cherry 1979) the mass conservation principle can be rewritten as: 
−
𝜕
𝜕𝑥
 𝜌𝑣𝑥 −
𝜕
𝜕𝑦
 𝜌𝑣𝑦 −
𝜕
𝜕𝑧
 𝜌𝑣𝑧 =  𝜌𝑆𝑠
𝜕𝑕
𝜕𝑡
 
 
Darcy‟s Law is now applied to the mass equation derivation in terms of head (Harr ME, 1962): 
 
−
𝜕
𝜕𝑥
 𝑘𝑥
𝜕𝑕
𝜕𝑥
 −
𝜕
𝜕𝑦
 𝑘𝑦
𝜕𝑕
𝜕𝑦
 −
𝜕
𝜕𝑧
 𝑘𝑧
𝜕𝑕
𝜕𝑧
 =  𝑆𝑠
𝜕𝑕
𝜕𝑡
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k represents the permeability coefficients in the x, y and z directions. This equation now reduces 
to the well known Laplace equation (Das BM, 2006): 
 
𝜕2𝑕
𝜕𝑥2
+  
𝜕2𝑕
𝜕𝑦2
+  
𝜕2𝑕
𝜕𝑧2
=  ∇2h = 0 
When applying one dimensional flow: 
 
𝜕2𝑕
𝜕𝑥2
= 0 
Which when integrated twice becomes (Harr ME, 1962): 
 
𝑕 𝑥 =  𝐶1𝑥 +  𝐶2 
When conditions are satisfied: 
 
𝑕 = 𝑕0 −  
∆𝑕𝑥
𝐿
 
 
This equation is the relationship of hydraulic head.  
When the Laplace equation is derived in terms of discharge we get (Das BM, 2006): 
 
𝑞 = 𝑘𝑎
∆𝑕
𝑎
 
This can then be used to represent the flow of water through a soil medium.  
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 The development of flow net theory 
 
Flow nets have been developed in relation to thermodynamic problems. Use of this theory has 
now been transferred to fluid behavior in soil. When constructing a flow net it is first important 
to think of it as a heated block of metal. In an ideal world how would heat flow through this 
metal? The same principle can be applied to water in a soil: 
 
Figure 2.8 Flow theory 
The same theory in relation to Laplace in thermodynamics applies to fluids in flow net theory. 
For the purpose of this research based learning task, the flow nets are governed by the following 
four equations (Reddi LN, 2003):  
   (Equation for flow rate) 
 
      (Pore water pressure Bernouli equation) 
 
      (Hydraulic gradient equation) 
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  (Factor of safety calculation) 
 
 
These four equations are derivations from the Laplace equation and from theories developed by 
Bernoulli (Das BM, 2006).  Further explanation of these equations and derivations can be found 
in resource textbooks mentioned in Chapter 3. 
 
 Conclusion 
 
The brief introduction to flow net theory that has just been presented represents the combination 
of summaries taken from a variety of resource texts and websites. Please refer to Chapter three 
for resources and information that should be read and understood alongside the formulas and 
information that has been provided. The summaries that have been presented are intended only 
as a guide. It is vital that a student conducts reading and understanding along the lines of the 
resource base that is presented in Chapter 3. 
 
2.6 Causes for flow net error 
 
Poor sketching is the first major error to address. Understanding and applying the basic 
principles of flow nets is the first step in correcting preliminary errors. Observing and 
understanding appropriate texts and examples of flow net illustrations is a key understanding. 
Some examples illustrated in texts can often be oversimplified, for example: flow under a sheet 
pile cofferdam is used to illustrate confined seepage that represents an unconfined condition. 
 
Typographic errors are usually quite common in text books. It is important to use a graphical free 
hand sketching approach. No individual is perfect, and taking the time to sketch correctly is 
essential. The problem with flow nets is that the errors are all of a simple kind. Matters are made 
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worse when the errors are presented in different text books. Sometimes this is neither recognized 
nor rectified. It can often be found that flow net examples, complete with the errors in the 
original source, are repeated from book to book from many different authors. 
 
All errors can all be brought back to basics. Use of correct mathematical formula, correct and 
accurate sketching and having a proper understanding are all essential components of a students‟ 
knowledge. Again, please refer to chapter 3 for recommended reading of flow net literature and 
associated internet examples and other alike resources.  
2.7 Calculation correction for flow nets 
 
Calculation of flow length is the most subjective and conflicting calculation involved in flow 
nets. All flow nets may be slightly different by each individual‟s interpretation. The most 
important concept to maintain is the basic principles of flow net construction previously 
mentioned.  
 
 
Figure 2.9 Correct flow net generation 
Measurement of the smallest flow path can be determined in many different ways. It is however 
essential to measure this only at the smallest element of the entire flow net. Some individuals 
chose to make averages around the smallest element on the flow net. This can be done but often 
does not overly improve accuracy. It is however vitally important that the flow length be 
measured at the smallest element of the change in direction of a flow net. In the case of a sheet 
pile wall, this occurs directly at the toe of the wall.  
Measured flow length 
Sheet pile wall 
Water table 
Flow net 
Soil medium 
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Simple mathematical errors and lack of knowledge leads to multiple other calculation mistakes, 
but a correctly drawn sketch usually rectifies any other possible concerns. In the technical report 
presented in this dissertation, step by step interpretation and use of formula will be further 
evaluated. If students follow these examples and utilize recommended resources, understanding 
will be achieved and flow nets can be used as an accurate engineering tool.  
2.8 Assumptions made in relation to flow nets 
 
It must be noted that the following assumptions apply to flow net theory. These assumptions may 
seem generalized, but are important to keep in mind when conducting analysis and interpretation 
of sketching. The assumptions should be recognized when researching a possible project site 
(Boss S & Krauss J, 2007): 
 Soil medium is homogeneous 
 Voids are completely filled with water 
 No consolidation or expansion of the soil takes place 
 Soil and water are incompressible 
 Flow is laminar and Darcy‟s Law is valid. 
When constructing a flow net the following assumptions and criteria should be kept in mind. 
 Flow lines and equipotential drops must intersect at right angles to form areas that are 
basically squares. 
 Certain entrance and exit requirements must be met. 
 In passing from a soil of one type of permeability to another, a deflection rule must take 
effect. 
 Adjacent equipotentials have equal head loss. 
 The same quantity of seepage flows between adjacent pairs of flow lines. 
 The use of freehand lines does not detract from the understanding and primitive accuracy 
of a properly designed flow net.  
 Practical selection in the number of flow lines to use is essential. Do not use too few or 
too many. 
 Use an appropriate scale. 
 Apply important boundary conditions. 
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 Do not overlook the overall shape and form of your flow net.  
 
Applying these principles and understanding will ensure that an appropriate approximate flow 
net is designed that produces accurate results. Although this may seem like a crude and 
approximate form of engineering analysis, these are practical procedures that can be followed on 
site to gauge an understanding of seepage.  
 
2.9 Technical Report Structure 
 
When writing a report, information needs to be easy to find, and written in such a way that the 
examiner, manger or client can understand it. The use of heading and sub headings helps to 
divide a report up in such a way that information is easily accessible and understandable. These 
headings help the reader to locate relevant topics quickly and easily. A structure of a standard 
report is detailed below. The structure of a report and the purpose and contents of each section 
needs to be direct, clear and to the point.  
1. Title Page - This is the first page of your report and includes the report title, presenters 
name, relevant submission date and any direct company affiliation (logo‟s etc.) 
2. Executive Summary - This is a single page overview of the entire subject matter. It 
includes method of analysis, brief finding and recommendations of the whole report. 
3.  Table of contents - should list all the sections in the report, include page numbers and in 
some cases can include lists of figures, tables and notation. 
4. Introduction - This introduction should provide a prelude into the report and outline its 
intentions and structure.  
5. Background - This section should introduce the theory and outline the design parameters 
and limitations. 
6. Body - This is the bulk of your report. It should include information on calculations 
made, physical modeling conducted, and interesting findings. The body should be broken 
up into a variety of headings to address all different aspects of the technical research 
project.  
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7. Conclusion - Summarizes all results. This section contains drawn conclusions from your 
findings. This section is an important communication part that explains your 
understanding and results. 
8. Recommendations - In this section you should provide a final answer and outline to your 
research. You should reflect on your learning outcomes and results you have attained and 
achieved. You should also make references to possible future work and interesting future 
research. Assumptions and possible causes for error should also be mentioned in this 
section.  
9. Reference list - detail the sources of all your research and references, text, papers, data 
and websites. 
10. Appendix - Include in here all valid information that supports your analysis. Also include 
any information that is essential to your report explanation.  
Following this correct report writing outline will ensure that results are accurately achieved and 
documented in a professional and technical manner. It is important to explain yourself well and 
demonstrate research skills, reflective writing ability and hands on experience. Using this style of 
report will ensure that managers can read and understand your engineering research and can 
apply your outcomes to actual project site analysis (Boss S & Krauss J, 2007).  
2.10 Cost aspect involved in flow nets 
 
Planning and time management is essential when costing and analyzing your work in relation to 
a project analysis. Having a time line and making use of Gantt charts to map your progress is a 
vital tool to demonstrate to a manager or examiner your research progress. When researching a 
project it is also important to plan and manage resources effectively. Anytime spent working on 
flow net design and calculations is an expense to the company. It is important to recognize the 
importance of your time management and the way it becomes an expense on the project and 
business you work for. A typical graduate engineer can be charged out to a project at as much as 
$AUD 150/hour. This can turn into a huge expense in time and resources that is placed on your 
own writing time and research into cofferdam analysis through flow net theory. Using a 
simplified engineering tool like flow nets to analyze seepage is a quick and rough engineering 
tool that can produce accurate results. It is important to document the limitations of your 
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recommendations and the ways you have made sacrifices to save on resource use (Boss S & 
Krauss J, 2007). 
When on a construction site and faced with a seepage problem, a graphical approach to flow net 
analyses is intended to be a quick analytical tool you can use to make assumptions while under 
pressure. The results you obtain from this analysis can be used to make recommendation to 
contractors and to your immediate supervisors. It is important that a supervisor checks and 
recommends a more thorough analysis of seepage if it is deemed to be required. The following 
table is an example of a possible costing scenario for a flow net analysis from a graduate 
engineer‟s perspective (Boss S & Krauss J, 2007): 
Table 2.3 Costing 
Action Quantity  Rate ($/hour) Total ($) 
Initial Research 50 hours 150 7500 
Initial Investigation 30 hours 130 3900 
Physical Modeling 40 hours 160 6400 
Calculation Process 20 hours 180 3600 
Recommendation and Conclusion  30 hours 110 3300 
Accumulation of report and findings 45 hours 60 2700 
Presentation 10 hours 60 600 
Total 225 hours  $28 000 
 
As this table represents, it is easy to spend and utilize a large amount of funds to document and 
present a simple engineering report. It is vital that a graduate engineer understands the 
limitations of their knowledge and the extra time and resources they will use to investigate a 
project site. Making informed and calculated decisions based on correct time resource 
management is imperative to the success of your economical initial research of a project based 
research task.  
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Chapter 3 
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3.0 Technical analysis of flow nets 
 
3.1 Synopsis 
 
The purpose of this chapter is to give an overview and an introduction into the key areas of 
professional knowledge and presentation skills required in relation to this project based learning 
exercise. A broad and intricate resource basin of information is vital for understanding of 
complex reasoning and communication of engineering works. It is important that this chapter 
introduces students to the importance of communicating and researching effectively towards a 
goal of professional development and critical understanding (Henry J. 1994). 
 
3.2 Introduction 
 
This written dissertation could have been done in many different ways. It could be 
communicated from an examiners point of view, a student‟s interpretation or could be a purely 
technical dissertation style analysis of flow nets. This particular dissertation however aims to be 
an insight into how project based learning can be applied in engineering field exercises or could 
be the basis of some engineering courses. Theories facts and figures have and will be mentioned 
in this dissertation, but not explained fully. (Henry J. 1994) Recommended texts and references 
guides have been read and researched by the author. Useful explanations and resources types 
have been recommended as further study for those interested in this style of dissertation.  
 
3.3 Resources and recommended publications 
 
After brainstorming and researching a project based learning problem, it is important to gather a 
set of skills and resources that will aide understanding and overall comprehensive analysis of a 
problem. Although this dissertation could provide specific information and direct formula 
derivation, it is more ethical and responsible to direct students to a variety of different texts and 
information resources.  
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The following books and relevant section should be referenced and researched in relation to project based 
learning: 
Table 3.1 Project based learning resources 
Resource Type Author Title Publisher / Source 
Text Book HENRY, Jane Teaching Through Projects 
Open & Distance. 
Kogan Page Limited, London, 1994. 
Text Book BOSS, Suzie & KRAUSS 
Jane 
Reinventing Project-Based 
Learning. 
International Society for Technology in Education, 
USA, 2007. 
Research Paper MARTIN, Fae & 
DEVENISH, Ian 
Project based learning in 
distance mode: Challenges and 
triumphs of online engineering 
student teams. 
Central Queensland University Australia. 
http://www.waceinc.org/pdf/Martin%20&%20Deve
nish%20_%20Project%20based%20learning%20in
%20distance%20mode.pdf 
Research Paper GRAHAM, Ruth UK Approaches to 
Engineering Project-Based 
Learning. 
MIT Engineering Leadership program. White Paper 
sponsored by the Bernard M. Gordon‐MIT 
Engineering Leadership Program. 
http://web.mit.edu/gordonelp/ukpjblwhitepaper2010.
pdf 
Internet Page SHEIKHA, Zahed Project Based Learning 
Institute. 
Cal Poly, USA, http://pbli.calpoly.edu/ 
 
For relevant references relating to flow net theory, seepage information, soil characteristics and quick 
sand background information use the following sources: 
Table 3.2 Flow net theory and soil resources 
Resource Type Author Title Publisher / Source 
Text Book CEDERGREN, Harry R. Seepage, Drainage and Flow 
Nets. Third Edition. 
John Wiley and Sons, Canada, 1989. 
Text Book REDDI, Lakshmi N. Seepage in Soils Principles and 
Applications. 
John Wiley and Sons, Canada, 2003. 
Text Book CRAIG, RF. Soil Mechanics, Fourth 
Edition. 
Chapman and Hall Publications Pty. Ltd., London, 
1990. 
Text Book DAS, BM. Principles of Foundation 
Engineering, Fifth Edition. 
Thompson Learning Inc., USA, 2006. 
Text Book DAS, BM. Principles of Geotechnical 
Engineering, Sixth Edition. 
Cengage Learning, USA, 2006. 
 
When researching possible information sources relating to writing style and written 
communication refer to the following possible sources:  
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Table 3.3 Research structure resources 
Resource Type Author Title Publisher / Source 
Text Book BLICQ, Ron & 
MORETTO, Lisa 
Technically Write Seventh 
Edition. 
Pearson Education, Canada, 2007. 
Research Paper STOJMENOVIC, Ivan The best method for presentation 
of research results 
in theses and papers. 
ivan@site.uottawa.ca 
Internet Page DOWNEY, Tracey-
Lee 
Using PowerPoint in Oral 
Presentations. 
The University of New South Wales 
http://www.lc.unsw.edu.au/onlib/ppoint.html 
Text Book VESILIND, Aarne Public Speaking and Technical 
Writing Skills for Engineering 
Students Second Edition. 
Lakeshore Press, USA, 2007. 
 
If numerical and physical modeling using flow nets is required for analysis, then please refer to 
the following resources for more detailed information: 
Table 3.4 Modeling resources 
Resource Type Author Title Publisher / Source 
Research Paper SMYRELL, Gordon A Strategy for Teaching Finite 
Element Analysis to 
Undergraduate 
Students. 
University of Teesside, School of Computing and 
Mathematics. 
http://www.lusas.com/pdf/CS501_A_Strategy_for_T
eaching_FEA_to_undergraduates.PDF 
 
Program KARAHAN, Halil & 
AYVAZ, M.Tamer 
Transient Groundwater Modeling 
Using Spreadsheets. 
University of Pamukkale, Civil Engineering 
Department. 
http://portal.acm.org/citation.cfm?id=1093433.1641
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Research Paper BARDET, Jean-Pierre 
& TOBITA, Tetsuo 
A Practical method for Solving 
Free-Surface Seepage Problems. 
http://gees.usc.edu/ce532/Materials/Seepage/Bardet_
Tobita_2002.pdf 
 
Program Scientific Software 
Group 
SEEP2D. http://www.seepage-analysis.com/html/seep2d.html 
Internet Page  ISHIBASHI, Isao Seepage Programs Applicable to 
Undergraduate Engineering 
Courses. 
http://www.ce.ncsu.edu/usucger/seepage.html 
 
For other related research papers and interesting readings including background knowledge it is 
important to refer to the following resources: 
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Table 3.5 Readings of interest resources 
Resource Type Author Title Publisher / Source 
Research Paper BROMHEAD, Edward 
N. 
Flow Nets and Textbooks. Proceedings of the Institution of Civil Engineers 
Geotechnical Engineering, October 2007 
Research Paper SINGH, A.K., 
MISHRA, G.C., 
SAMADHIYA, N.K. 
& OJIHA, C.S.P. 
Design of a Rigid Cutoff Wall. INTERNATIONAL JOURNAL OF 
GEOMECHANICS ASCE / JULY/AUGUST 2006. 
Research Paper PDH Centre Learning Design Loads and Construction 
of Tremie Sealed Cofferdams. 
http://www.pdhcenter.com/courses/g113/g113.htm 
Research Paper NEMATI, Kamran Temporary Structures 
Cofferdams. 
UNIVERSITY OF WASHINGTON 
DEPARTMENT OF CONSTRUCTION 
MANAGEMENT 
 
Using the mentioned resources and reference materials will add understanding and knowledge to 
any individual looking into the study of flow nets and project based learning. It is important to 
research and use a wide variety of reference material. Broadening a student‟s view on different 
styles of information tests the knowledge of the project based learning task being presented. 
Researching how broad a topic can be also helps to define and narrow down a particular solution 
path and approach. Using the mentioned reference resources will definitely do this in the case of 
the geotechnical research problem presented.  
3.4 Technical report layout 
 General 
 
A technical report will be presented in Chapter 4 to give an example of a solution to the given 
problem. This technical report will follow a layout that includes the following heading (Henry J. 
1994): 
o Cover Page 
o Executive Summary 
o Table of Contents 
o Introduction 
o Body  - Including sub-sections relating to: 
 Flow Nets 
 Seepage 
 Pore Water Pressure 
 Hydraulic Gradient 
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 Safety Factor 
o Recommendations 
o Conclusion 
o References 
o Appendix - Including rough calculations and assumptions made. 
Addressing a report in this way and style ensures that all technical information is communicated in a 
plausible and fully understood way. This style of report also ensures that a manager can see the 
background information and research. A manager can read this to understand the situation more in depth 
or can just refer to calculations and recommendations for final results.  
 Structure of flow net within report 
 
Flow nets will be used throughout this report to interpret all calculations, measurements and 
dimensions. Examples of scaled possible flow nets from the given problem will be used. These 
flow nets are used as an engineering judgment tool to interpret the given project based learning 
task. Flow nets will be drawn free hand and follow the prescribed steps to ensure their accuracy.  
When flow nets have been drawn these will be placed in the appendix of the given technical 
report. From this point forward they will be referred to in the appendix. A description of the 
steps taken to draw the flow nets and possible causes for error will be provided. It is vital to 
remember that flow nets are an approximation tool from which reasonably accurate results can 
be derived (Henry J. 1994).  
 Correct language used in report 
 
When writing the report to present to your manager or superior it is important to use language 
from a third person perspective. Use descriptive writing techniques but ensure that 
professionalism in terms of word choice and grammar is maintained. It is important to write in a 
way that is descriptive of all possible outcomes, but at the same time be directive and selective in 
the reports and results you comment on.  
There is no need to be overly descriptive and complicated in the way you write your explanation 
to tasks you conducted. It is simply necessary to write in a way that a manager can see your 
method, understand your results and not have to go too in depth to fully understand your report. 
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Writing in a professional and informative way that is not overly elaborate and artistic is 
important (Henry J. 1994). 
3.5 Oral Presentation 
 General 
 
When presenting a project site analysis proposal for your manager or supervisor it may not be 
necessary to only produce a technical report. It may be a requirement of you to give an oral 
presentation of your findings, results and recommendations. In this case it is important to make 
sure you are comfortable with public speaking. (Henry J. 1994) Oral presentations must 
summarize your technical report findings and present them in an ordered fashion to your 
manager. A presentation may also involve the answering of questions and the expression of your 
own thoughts and opinions. 
It is important to remain professionally mannered, ordered and transparent in the way you 
present facts and figures. It is also important to keep the audience interested and be clear in the 
message and results you want to present.  
 Presentation to an audience 
 
When presenting to an audience it is important to know the style and level of understanding they 
require. There is no use presenting a complex numerically modeled result to a manager that has 
no background knowledge or understanding. Instead it is important to know the level of 
involvement the audience expects. For a business manager it is important to present cost-benefit 
data and direct answers to any questions they might have (Henry J. 1994).  
Clear tone and pronunciation is important to convey a message correctly to your manager. 
Ensure that the audience you address understands all information you present. If there is ever any 
doubt, step through processes slowly and engage the audience by asking questions and keeping 
them actively involved (Henry J. 1994).  
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 Dress code 
 
The key to dress code for a presentation is always dress to impress. It is important to dress 
appropriately for the scenario you aim to present. There is no point in turning up on a 
construction site in a suit and tie to give a presentation to tradesman. Likewise it is inappropriate 
to dress in a Hawaiian shirt and sandals to present to a business manager. The way you dress in 
most instances gauges the level of your professionalism. “Clothes maketh the man” and it is 
important to dress appropriately for the style of presentation you are giving (Henry J. 1994).  
To make a presentation to a business manager it would be appropriate/expected to dress in a suit 
and tie. Ensure that no bias is shown in the way you dress. This could be in the form of logo‟s 
stitched on clothes or jewelry that is worn.  
 How to keep presentation interesting and informative 
 
Keeping a presentation interesting is always a difficult task. The way you talk and keep the 
audience interested is half the task. Using props and hand out overviews of your presentation can 
help the audience to stay interested and remember key points. Repetition and questions used 
throughout your presentation can keep the audience‟s attention and can reassure you that they 
understand and can interpret what you are saying. 
It is always important to reiterate and dwell on key findings in your presentation. Make sure 
pauses, figures and pictures are used with effect in your presentation. A major key to a good 
presentation is to ensure that everything you present is applicable. Keeping the subject matter 
simple and direct keeps an audience interested and informed (Henry J. 1994).  
3.6 PowerPoint Presentation 
 General 
 
PowerPoint is a useful presentation tool that can be used to visualize and refer to throughout an 
oral presentation. PowerPoint allows a user to give bullet point ideas, pictures, figures and 
movies all on a set of screens to present to an audience. Visual aids always help to captivate and 
inform an audience. PowerPoint is a useful tool that can help do this. Refer to Appendix D for an 
example of a formal flow net PowerPoint presentation (Henry J. 1994). 
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 Correct eticate 
 
When using power point it is always important to use the correct eticate. It is important to have a 
structure and present topics that are directly related to what you are saying. There is no point in 
going off on tangents that do not relate to the slides of the PowerPoint that you use. PowerPoint 
helps to direct your presentation and keeps you on track. 
When making a PowerPoint presentation it is important to introduce the topic and always give 
credit to references and figures you refer to. It is also important to use appropriate sized and 
colours of texts that the audience can see and interpret. Correct use of PowerPoint is an 
important part of eticate. It is also important that your audience is situated in a suitable place for 
your visual presentation. All of these points to remember will ensure your presentation is 
effective, appropriate and polite towards a business manager (Henry J. 1994).  
 How to structure 
 
Structuring a presentation is similar to the structure of a technical report. It is however important 
to keep in mind that you only have a short amount of time and your visual presentation should 
only be a summary and complement what you are saying. A well structures PowerPoint 
presentation should only contain about 20 slides for a 20 minute presentation. These slides 
should follow the following format (Henry J. 1994): 
1. Title slide 
2. Introduction 
3. Project based learning task 
4. Flow net use 
5. Physical modeling 
6. Results obtained 
7. Recommendations 
8. Further work required 
9. Conclusion 
10. References 
11. Questions 
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Following this simple layout and process of PowerPoint slide creation will ensure your audience 
is interested and informed by the information you have to present. The key to a good 
presentation is to use only information that is important or interesting to an audience. Keeping 
everything simple and direct is the key to success (Henry J. 1994).  
 Use of pictures 
 
Figures and pictures can speak a thousand words. Movies and related information to the physical 
modeling or testing you have conducted can be interesting and relevant. It is important to only 
use figures and pictures that are directly related to your presentation. Always ensure that pictures 
are correctly labeled and the colours contained in them are visible and differentiable.  
It is always necessary to fully explain the pictures and figures you use. There is no point in just 
showing a picture and assuming the audience can understand and interpret it. Always take the 
time to explain the information you present on slides and prompt the audience by asking 
rhetorical questions (Henry J. 1994). 
 Use of whiteboard 
 
Whiteboards are a good presentation tool that can be used to draw diagrams, explain equations 
and engage the audience. Saying this, it is important to know that using a whiteboard can be hard 
when under pressure. It is important to use large writing and ensure that writing is legible and 
understandable. There is no point in drawing or writing something that only you can understand. 
(Henry J. 1994) A whiteboard must be used effectively and quickly in a presentation and must be 
applicable and legible to the audience.  
 Using ques and props 
 
Ques and props can be used effectively in an oral presentation to engage and interest the 
audience. Using a model physical tank to demonstrate a flow net or a movie clip of an 
experiment can be a useful tool to demonstrate the work you have put into a project. Taking too 
long for a movie to play or not fully explaining a visual tool you use can be detrimental to your 
presentation. It is important to explain, demonstrate and correctly use your props. Making sure 
everything works as planned is important to test before a presentation begins (Henry J. 1994).  
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3.7 Comprehensive Study of flow nets 
 General 
The problem based project that has been presented could be interpreted in many different ways 
as has been previously discussed. This dissertation aims to approach the problem from a 
geotechnical flow net analysis perspective. In this light, it is important that an analysis using 
flow nets is comprehensive and reasonably accurate. This analysis may seem to be rough and 
subjective, but if the correct technique and care is taken in a graphical approach, good results can 
be achieved (Henry J. 1994).  
When analyzing the initial problem it is important to make appropriate and reasonable 
assumptions. For the purpose of this dissertation dimensions will be assumed as though a two 
dimensional sheet pile wall is being analyzed. Figure 3.1 below illustrates the sheet pile wall that 
will be used in terms of analysis of the given project based learning task. 
 
Figure 3.1 Sheet Pile wall used for analysis 
As figure 3.1 demonstrates, this will be the type of sheet pile wall or half cofferdam analysis that 
will be conducted. In order to obtain numerical results for analysis in this dissertation 
measurements have been assumed based on a possible cofferdam construction site example. 
These dimensions and associated scale could in future be altered to reflect different numerical 
results relating to the same style of problem.  
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 The problem at hand 
 
As has been mentioned, the project based problem being analyzed will contain an assumed sheet 
pile type analysis. This assumed sheet pile analysis in the form of a cofferdam problem will be 
presented in a way that makes assumptions on particular dimensions. Figure 3.2 below illustrates 
the dimensions that will be used for this particular project based learning task. 
 
Figure 3.2 Dimensioned Sheet pile/cofferdam analysis tank 1. 
One of the main purposes of this project based learning task is to determine the Factor of safety, 
or resistance to quicksand failure of the sheet pile wall in the cofferdam. In order to conduct this 
analysis it will be required that 3 scenarios be analyzed. All of these scenarios will contain the 
same scale and dimensions except for the right hand side of the sheet pile wall where embedment 
depth will be altered. These alterations will provide a range in which an optimum embedment 
solution can be recommended. Figure 3.2 represents the first scenario that will be analyzed. 
Figures 3.3 and 3.4 represent the second and third scenarios that will be analyzed (Henry J. 
1994).  
metres 
metres 
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Figure 3.3 Dimensioned Sheet pile/cofferdam analysis tank 2. 
  
Figure 3.4 Dimensioned Sheet pile/cofferdam analysis tank 3. 
Utilizing these three scenarios will allow analysis of the proposed project site. For each of these 
three scenarios a physical model test has been conducted and a graphical flow net has been 
constructed. Full details and information of physical modeling can be found in Chapter 5. 
Chapter 4 will contain the full technical report for the solution of this geotechnical problem. It is 
important to keep in mind that this is an example of a project based learning process. More 
detailed information can be found by utilizing recommended research resources and other 
student private study. 
1 meter 
16 meters 
6.2 meters 
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 What is being solved in relation to flow nets? 
 
For each of the three scenarios presented, a separate flow net will be constructed for each. Using 
these flow nets six different aspects of geotechnical importance will be analyzed: 
1. Daily seepage rate will be determined. 
2. A net pressure diagram will be determined. 
3. Hydraulic gradient will be interpreted. 
4. Resistance to quicksand failure will be analyzed. 
5. Factor of safety will be calculated. 
6. Optimum embedment depth of a sheet pile wall will be recommended. 
According to these six criteria each scenario will be analyzed. Also, to reinforce findings found 
from graphical results, a physical model for each scenario will be utilized and constructed. Please 
refer to chapter 5 for further details on physical modeling (Henry J. 1994).  
3.8 Sketch of Flow nets 
 General 
 
For each of the three scenarios presented a flow net sketch will be made. This sketching process 
follows the recommendation of those set out in section 2.5. Flow nets are an approximation of 
idealised flow lines seperated by changes in equipotential drops. Using these flow nets will allow 
measurements to be taken in order to find results for the six different geotechnical aspects.  
 Sketching process 
 
Scenario two will be used as an example of how flow nets were constructed. The first step was to 
choose an appropriate scale and dimensions to use. The next step is to draw a flow line that starts 
at the side of the sheet pile wall that has the most head (left hand side) and completes its path on 
the opposite side of the sheet pile wall. See Figure 3.5 below for the sketching of the cofferdam 
and the first idealized seepage line (Henry J. 1994). 
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Figure 3.5 First stage of flow line sketching. 
The third step in flow net construction is to continue to draw two other flow lines, this making 
three in total. It is important to make sure that you keep the overall look of your flow net sketch 
consistent. Figure 3.6 illustrates the process. 
 
Figure 3.6 Completed flow lines sketch 
The fourth stage in flow net sketching is the inclusion of equipotential lines. These lines are 
drawn at right angles to the flow lines represented.  
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Figure 3.7 Complete flow net with equipotential drops 
Each equipotential drop represents a difference in water head loss. At any point along the same 
equipotential drop, the same head can be observed. This process demonstrates the step by step 
process in assembling a structured flow net. Note the square shape of flow net segments. This is 
referred to as curvilinear square construction. This is an important aspect of flow net generation.   
3.9  Flow net calculations 
 General 
 
The whole essence of this project revolves around the analysis of correctly constructed flow nets. 
From these flow nets several analysis criteria can be used. The design criterion that has been 
recommended for this style of analysis contains the following steps (Henry J. 1994): 
1. Daily seepage rate will be determined. 
2. A net pressure diagram will be determined. 
3. Hydraulic gradient will be interpreted. 
4. Resistance to quicksand failure will be analyzed. 
5. Factor of safety will be calculated. 
6. Optimum embedment depth of a sheet pile wall will be recommended. 
Each of these design criteria will now be evaluated using an illustrated example.  
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 Illustrated example 
 
In the case of a cofferdam analysis the following example will be evaluated: 
 
Figure 3.8 Design example cofferdam 
Give the cofferdam example shown in figure 3.9 the following calculations can be applied: 
For criterion 1: Daily seepage rate 
To firstly determine seepage loss, Seepage =𝑞 = 𝑘.𝑕.
𝑁𝑓
𝑁𝑑
. 
To evaluate this a few terms need to be determined. 
𝑘 - The coefficient of permeability will be taken as 6.9 × 10−5 𝑚𝑒𝑡𝑟𝑒𝑠/𝑠𝑒𝑐𝑜𝑛𝑑. 
𝑕 - The head loss of water will be taken as 6.8 meters. 
𝑁𝑓 - The number of flow channels will be taken as 3.16 (based on an average). 
𝑁𝑑 - The number of equipotential drops will be taken as 7 (based on inspection). 
∴ 𝑞 =   6.9 × 10−5  ×  6.8  ×  
3.16
7
 = 𝟐.𝟏𝟏𝟖𝟏 × 𝟏𝟎−𝟒 𝒎𝟑/𝒔𝒆𝒄.  
Converting this to m
3
/day: 
∴ 𝑞 =   2.1181 × 10−4   ×  60 × 60 × 24 = 𝟏𝟖.𝟑 𝒎𝟑/𝒅𝒂𝒚. 
6.8 metres 
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Seepage (𝑞) is therefore 𝟏𝟖.𝟑 𝒎𝟑/𝒅𝒂𝒚  in this example. 
 
For criterion 2: Net water pressure diagram 
 
Figure 3.9 Cofferdam pressure diagram 
For each point A through to H on figure 3.10. Pore water pressure will be determined. 
𝑕 = 𝑧 +
𝑢
𝛾𝑤
 
∴ 𝑢 =  𝑕 − 𝑧  𝛾𝑤 = 𝑝𝑜𝑟𝑒 𝑤𝑎𝑡𝑒𝑟 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒. 
𝑕 - Is the head loss of water. 
𝑧 - Is the position head. 
𝛾𝑤  - Is the unit weight of water taken as 9.81 kPa.  
 
For pore water pressure at point A: 
𝑕𝐴 =  18.6 + 3.8 = 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔 
𝑍𝐴 =  18.6 + 3.8 = 𝟐𝟐. 𝟒 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐴 =  𝛾𝑤 𝑕
𝐴−𝑍𝐴 = 9.81 ×  22.4 − 22.4 =  𝟎 𝒌𝑷𝒂. 
18.6 meters 
2.4 meters 
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For pore water pressure at point B: 
𝑕𝐵 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟕
  
∴ 𝑕𝐵 =   18.6 + 3.8 −  0 ×
3.8
7
= 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐵 =   18.6 + 3.8  − 3.8 = 𝟏𝟖. 𝟔 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐵 =  𝛾𝑤 𝑕
𝐵−𝑍𝐵 = 9.81 ×  22.4 − 18.6 =  𝟑𝟕.𝟐𝟕𝟖 𝒌𝑷𝒂. 
For pore water pressure at point C: 
𝑕𝐶 =   18.6 + 3.8 −  𝑁𝑑 × ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟕
  
∴ 𝑕𝐶 =   18.6 + 3.8 −  0.85 ×
3.8
7
= 𝟐𝟏.𝟗𝟑𝟗 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐶 =   18.6 + 3.8  − 3.8 −  3 = 𝟏𝟓.𝟔 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐶 =  𝛾𝑤 𝑕
𝐶−𝑍𝐶 = 9.81 ×  21.939 − 15.6 =  𝟔𝟐.𝟏𝟖𝟔 𝒌𝑷𝒂. 
For pore water pressure at point D: 
𝑕𝐷 =   18.6 + 3.8 −  𝑁𝑑 × ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟕
  
∴ 𝑕𝐷 =   18.6 + 3.8 −  1.9 ×
3.8
7
= 𝟐𝟏.𝟑𝟔𝟗 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐷 =   18.6 + 3.8  − 3.8 −  3 − 3 = 𝟏𝟐.𝟔 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐷 =  𝛾𝑤 𝑕
𝐷−𝑍𝐷 = 9.81 ×  21.369 − 12.6 =  𝟖𝟔.𝟎𝟐𝟒 𝒌𝑷𝒂. 
For pore water pressure at point E: 
𝑕𝐸 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟕
  
∴ 𝑕𝐸 =   18.6 + 3.8 −  3.5 ×
3.8
7
= 𝟐𝟎.𝟓𝟎𝟎 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐸 =   18.6 + 3.8  − 3.8 −  3 − 3 − 2.4 = 𝟏𝟎.𝟐 𝒎𝒆𝒕𝒓𝒆𝒔 
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∴ 𝑈𝐸 =  𝛾𝑤 𝑕
𝐸−𝑍𝐸 = 9.81 ×  20.500 − 10.2 =  𝟏𝟎𝟏.𝟎𝟒𝟑 𝒌𝑷𝒂. 
For pore water pressure at point F: 
𝑕𝐹 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟕
  
∴ 𝑕𝐹 =   18.6 + 3.8 −  5.1 ×
3.8
7
= 𝟏𝟗.𝟔𝟑𝟏 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐹 =   18.6 + 3.8  − 3.8 −  3 − 3 − 2.4 = 𝟏𝟎. 𝟐 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐹 =  𝛾𝑤 𝑕
𝐹−𝑍𝐹 = 9.81 ×  19.631 − 10.2 =  𝟗𝟐.𝟓𝟏𝟖 𝒌𝑷𝒂. 
For pore water pressure at point G: 
𝑕𝐹 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟕
  
∴ 𝑕𝐹 =   18.6 + 3.8 −  7 ×
3.8
7
= 𝟏𝟖.𝟔 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐹 =   18.6 + 3.8  − 3.8 −  3 − 3 = 𝟏𝟐.𝟔 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐹 =  𝛾𝑤 𝑕
𝐹−𝑍𝐹 = 9.81 ×  18.6 − 12.6 =  𝟓𝟖.𝟖𝟔𝒌𝑷𝒂. 
For pore water pressure at point H: 
𝑕𝐹 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟕
  
∴ 𝑕𝐹 =   18.6 + 3.8 −  0 ×
3.8
7
= 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐹 =   18.6 + 3.8  = 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐹 =  𝛾𝑤 𝑕
𝐹−𝑍𝐹 = 9.81 ×  22.4 − 22.4 =  𝟎𝒌𝑷𝒂. 
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Figure 3.10 Cofferdam example net pore pressure diagram 
Pore water pressures from A through to H are: 
Table 3.6 Pore water pressure 
Point Pore water Pressure (U) in 
kPa 
A 0 
B 37.278 
C 62.186 
D 86.024 
E 101.043 
F 92.518 
G 58.86 
H 0 
Net Pore water pressures from A through to H are: 
Table 3.7 Net Pore water pressure 
Point Calculation Net Pore water Pressure (U) 
in kPa 
A 0 - 0 0 
B 37.278 - 0 37.278 
C - H 62.186 - 0  62.186 
D - G 86.024 - 58.86 27.164 
E - F 101.043 - 92.518 8.525 
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Figure 3.11 Cofferdam example net pore water pressure diagram 
For criterion 3: Hydraulic gradient Interpretation 
Estimating the largest hydraulic gradient is done by examining the smallest segment of the flow 
net and finding the flow length in this segment. 
 
Figure 3.12 Cofferdam example hydraulic gradient 
When estimating the hydraulic gradient the greatest value is determined in the smallest length on 
the flow net. This means that the smallest equipotential drop is determined. From figure 3.13 it 
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can be seen that the red line represents the length taken as an average width of the smallest 
segment of the flow net.  
∆𝑕 =
𝐻
𝑁𝑑   
=
3.8
7
 
𝐿 = 5𝑚𝑚 = 1 𝑚𝑒𝑡𝑟𝑒 𝑤𝑕𝑒𝑛 𝑠𝑐𝑎𝑙𝑒𝑑 = 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑙𝑜𝑤 𝑙𝑒𝑛𝑔𝑡𝑕. 
𝐻𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 = 𝑖 =
∆𝑕
𝐿
=
3.8
7
1
= 0.542857  
For criterion 4: Resistance to quicksand failure interpretation 
Critical Hydraulic gradient = Hydraulic gradient x 4 
∴   𝑖𝑐 = 0.542857 × 4 = 2.1714 
If 𝑖 >  𝑖𝑐  ≅ 1 𝑡𝑕𝑒𝑛 𝑄𝑢𝑖𝑐𝑘 𝑠𝑎𝑛𝑑 𝑤𝑖𝑙𝑙 𝑜𝑐𝑐𝑢𝑟. 
0.542857 <  2.1714  ∴ 𝑞𝑢𝑖𝑐𝑘𝑠𝑎𝑛𝑑  𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑤𝑖𝑙𝑙 𝑛𝑜𝑡 𝑜𝑐𝑐𝑢𝑟 𝑎𝑛𝑑 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 𝑖𝑠 𝑠𝑎𝑓𝑒. 
This means that Cofferdam will not fail due to quicksand. 
For criterion 5: Factor of safety determination 
Factor of safety against downstream seepage failure will be calculated. For this calculation the 
following equation will be used: 
 
Where: 
SF = Safety Factor against downstream seepage failures  
W‟ = Downward force (kN/m3)  
Fs = Upward seepage force (kN/m
3
)  
γsub = Submerged unit weight (kN/m
3
)  
i = Hydraulic gradient (dimensionless)  
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γsat = Saturated unit weight (kN/m
3
)  
γw = Unit weight of water (9.81kN/m
3
)  
 
Figure 3.13 Cofferdam example calculation of hydraulic gradient 
From figure 3.14 it can be noted that: 
L = 5.6 metres 
Δh = hF - hH > 0 
h
F
 = 15.6 +  5 ×
3.8
7
 = 18.314 
h
H
 = 15.6 metres 
γw  = 9.81 kN/m
3
 
γsat  = 21 kN/m
3
 ( this is an assumed value for sand). 
𝑕𝐹′ =    18.6 −  5.9 ×
3.8
7
  = 15.397 𝑚 
𝑕𝐻′ =    18.6 −  7 ×
3.8
7
  = 14.8 𝑚 
∴ 𝑕𝐹−𝐹′𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
18.314 + 15.399
2
 = 16.857 𝑚 
∴ 𝑕𝐻−𝐻′𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
15.6 + 14.8
2
 = 15.2 𝑚 
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∴ 𝑖 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
16.857 − 15.2
𝐿
=  
16.857 − 15.2
5.6
= 0.29589  
∴ The safety factor is: 
𝑆𝐹 =  
𝛾𝑠𝑎𝑡 −  𝛾𝑤
𝑖 𝛾𝑤
=
21 − 9.81
0.29589 × 9.81
= 3.855 
This means that the factor of safety for downstream failure is 3.855 ∴ Safe. 
 
 
Figure 3.14 Cofferdam example Safety Factor 
For criterion 6: Recommend an optimum embedment depth: 
Based on the design example given, embedment depth does not need to be as deep as it is. 
Reducing the embedment depth to approximately 4 meters might be sufficient in the case of this 
scenario. Calculations would need to be conducted to verify this recommendation.  
 Varying depth 
 
Varying the depth of penetration of a sheet pile wall into sand would produce different results 
according to the assessment criterion. Experimenting with embedment depth could reveal a more 
Out 
In 
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efficient and practical geotechnical solution to this research based problem. As you will see in 
Chapter 4 a few different penetration depths will be experimented with.  
 Varying width 
 
Varying the length, depth and width of a cofferdam construction site could lead to more 
interesting and thought provoking results. It is important to analyze how you determine the 
boundary conditions of these sorts of problems. Confined and unconfined cases can lead to 
varying results and dramatic changes in the factor of safety and optimum embedment depth.  
 Assembly into report 
 
Chapter 4 outlines a detailed report where flow nets will be presented to a manager in a technical 
fashion. It is important to note that this report is purely theoretical and more testing would need 
to be conducted. The professional lay out of the report will introduce flow net theory, its uses 
and calculations like those which have just been shown and so on. This is the manner in which 
presentations should be made to a superior in a work environment. 
3.10 Summary and conclusion 
 
As has been shown in this chapter the presentation styles and calculations involved in flow net 
theory have been introduced, evaluated and displayed. It is important to follow on to chapter 4 
where a full analysis of the project based learning task presented will be assembled in a technical 
report format. This chapter has introduced the presentation styles that should be employed and 
the calculations that should be conducted. Please continue on to chapter 4 to notice a full 
analysis.  
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Chapter 4 
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4.0 Technical report solution to given problem 
 
The purpose of this chapter is to demonstrate the correct layout and communication that a 
technical report should consist of. As previously discussed, technical reports should contain 
several key objectives and follow a set structure. This chapter is an example of a technical report 
solution to the given project based learning task.  
4.1 Covering Letter 
 
Figure 4.1 below represents an example of a possible covering letter: 
 
Figure 4.1 Covering Letter 
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4.2 Title Page 
 
Figure 4.2 below represents an example of a possible title page: 
 
Figure 4.2 Title Page 
4.3 Executive Summary 
 
The need for a cofferdam has resulted in the design of three options for assessment and 
evaluation. Since the cofferdams are of a simple design, flow nets have been created to enable 
the data required for the assessment to be calculated. It is generally agreed that flow nets are 
suitable for this task especially when the design is quite simple. The flow nets were drawn for the 
three options with the following assessment criteria being calculated from them (Minato 2008): 
 
• Seepage rate; 
• Pore pressure at locations on the sheet piles; 
• Net pore pressure on the sheet piles; 
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• Analysis of resistance to quicksand failure; 
• The largest hydraulic gradient for each option; 
• Factor of Safety; and 
• Recommendation of optimum sheet pile depth. 
 
These criteria were calculated and assessed with Case 3 performing the best in all assessment 
criteria. Thus it was concluded that Case 3 would be suitable provided the assumption that the 
soil data provided is perfect and actually has isotropic permeability. If there is any uncertainty in 
the soil conditions even this option may need further investigation. This is because its factor of 
safety is still quite low and may be considered acceptable when human lives are at risk. Although 
Case 3 has the highest factor of safety, Case 2 exhibits the optimum design in terms of efficiency 
and robustness. Further research should be conducted in order to fully evaluate an optimum 
design in terms of cost-benefit analysis (Minato 2008).  
4.4 Table of Contents 
 
Figure 4.3 represents an example of a possible table of contents: 
 
Figure 4.3 Table of contents 
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4.5 Introduction 
 
In order to undertake some civil works it is necessary to construct a temporary cofferdam to 
enable the works to be done in a dry environment (Minato 2008). A cofferdam is a temporary 
structure designed to support the sides of an excavation and to exclude water from an excavation 
(Day 2000). Three coffer dam options have been designed to enable the construction of the 
coffer dam. To assess the suitability of these three options the following assessment criteria have 
been chosen; seepage rate, pore pressure, largest hydraulic gradient and the factor of safety 
against heave and piping. 
 
In a situation where areas of differing head (potential) values are interconnected with a 
permeable soil or similar medium, water is free to flow through the voids in the medium and will 
do so in an upstream to downstream direction (higher to lower head values). This movement of 
water through a permeable medium is known as seepage and in most cases will be characterized 
by 2 dimensional flows (horizontal and vertical components) (Minato 2008). A flow net is a 
graphical method, based on Laplace‟s equation of continuity, for quantifying this water flow 
(seepage) in a permeable medium and evaluating head values at various points through the path 
of water flow. A flow net is made up of a series of flow lines and equipotential lines. A flow line 
can be defined as the path along which the water will flow from the upstream to downstream side 
of the permeable medium, while an equipotential line is a line which intersects the flow lines at 
90 degrees and defines a plane in which all points along it share the same value of potential head. 
Constructing a flow net gives us a reliable method for calculating various characteristics of the 
soil/water interaction which govern the stability of the soil, and ultimately, the suitability of the 
site for construction and other uses (Minato 2008).  
The basic rules that must be followed to successfully construct an accurate flow net are as 
follows: 
 Define boundary conditions and observe them throughout the construction process. 
 Equipotential lines must intersect flow lines at 90 degrees. 
 The flow elements formed must resemble approximate squares. 
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By following these simple rules and using trial and error we can form a basis for analysis of the 
permeable medium. This can be seen in the report where analysis has been carried out for 3 
different cases. We will use these flow nets to analyze various characteristics of the soil. It is 
essential that the cross section be drawn to scale (Minato 2008). 
4.6 Background 
 
Before any drawing was undertaken a literature review of numerous soil mechanics textbooks 
was undertaken. The aim of this review was to not only understand the procedure and rules 
governing the drawing of a flow net but to also get a feel for what a flow net should look like. 
Following the literature review the rules for the drawing of a flow net were established (Budhu 
2007, Craig 2004 and Whitlow 2001): 
 
• Boundary conditions must be identified and satisfied. Boundaries are where soil permeability 
changes such as man made structures and the junction between impervious layers and permeable 
materials and the horizontal ground surfaces. 
 
• The area between flow lines and equipotential lines must be curvilinear squares. A curvilinear 
square is a square where an inscribed circle can be drawn to touch each side of the square 
bisecting each side at a point. 
 
• Flow lines must intersect equipotential lines at right angles. In addition equipotential lines must 
be normal to buried surfaces, impermeable layers and man made objects. 
 
• Flow lines must not clip impermeable objects of intersect other flow lines. 
 
• An equipotential line cannot intersect another equipotential line.  
 
In addition to these rules common mistakes with the drawing of flow nets in textbooks as 
identified by Bromhead (2007) were noted. Of concern was that Bromhead had found in his 
analysis of textbooks that most had errors when they produced a flow net. Due to this it was 
wondered that if the texts cannot draw flow nets correctly, what hope does a student have. Of 
note is that Bromhead identifies errors in books by Das and Terzaghi in his large list of books. 
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To start, a few trial flow lines and equipotential lines were drawn. Flow lines and equipotential 
lines were then propagated out to complete the flow net. Consideration to the rules was given 
during the drawing. Once completed, the flow net was adjusted to ensure it complied with the 
rules. This resulted in numerous adjustments and the solid use of an eraser. While it was 
generally easy to comply with most of the rules it was often difficult to ensure that the areas were 
all curvilinear squares (Minato 2008). For example after the first iteration most of the lines were 
crossing at right angles but there were obvious areas that were not curvilinear squares. Despite 
all the time and effort it is acknowledged that some areas on the drawing are still not perfect 
curvilinear squares. It is wondered if anyone can draw a flow net perfectly. Adding to the 
difficulty was the confining and tightening of the flow lines between the two sheet piles. While it 
is easy to draw the areas near the surface, considerable difficulty was had in making curvilinear 
squares when the flow lines and equipotential lines transitioned from being close together to 
being spread apart.  
 
This can be seen in the areas below the sheet piles where some imagination may be needed to see 
a curvilinear square in some cases (Minato 2008). Since the flow net was symmetrical about the 
centerline, originally only half the flow net was drawn. When satisfied that the half was correct, 
the paper was folded on itself with the remaining half being traced to complete the flow net. 
4.7 Solution Process 
 
Each evaluation criteria will now be assessed: 
 Seepage 
 Introduction 
Seepage is the term used to explain the movement of water through a permeable medium. Once 
the flow net for the cross section to be analyzed is constructed we can calculate the value of 
seepage (or flow rate) from numbers derived from the flow net sketch and the coefficient of 
permeability (k). (Minato 2008) The coefficient of permeability is a constant which governs the 
flow of water through a permeable medium, it is influenced by factors such as: soil porosity, 
grain size distribution, degree of saturation fluid viscosity and the shape and orientation of soil 
particles. For our calculations this value has been given as k = 0.069mm/sec (or 6.9x10
-5
m/sec). 
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 Equations 
𝑞 = 𝑘𝐻
𝑁𝑓
𝑁𝑑
 (𝑚3 sec⁡)  
Where: q – Flow rate (m3/sec per unit length) 
k – Coefficient of permeability (m/sec) 
H – Total head loss (m) 
Nf – Number of flow channels 
  Nd – Number of equipotential drops 
 Results 
By utilizing the above equation the following results were obtained for the 3 cases, see appendix 
for detailed calculations. 
Table 4.1 Seepage 3 case comparison 
 Case 1 Case 2 Case 3 
Seepage Losses 
(m
3
/day per m) 
33.091 18.300 14.688 
 
 Pore Water Pressure 
 Introduction 
The pore water pressure is defined as the pressure of the water in the voids of the soil. A point in 
the soil with a positive pore pressure will have a force exerted on it by the water content. Positive 
pore pressure implies that the water is in compression in that particular zone, therefore the 
reaction will be a “pushing back” force which will influence the soil particles in all directions 
and therefore influence the stresses in the soil, this in turn influences the stability, seepage and 
any volume changes of the soil. These pressures will also exert a force on foundations and walls 
sunken into the soil (Minato 2008). 
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 Equations 
In this section we will validate Bernoulli‟s equation. Note that the velocity head part of the 
equation is ignored as the velocity in a seepage condition is negligible. 
𝑕 = 𝑧 +
𝑢
𝛾𝑤
 
Where: h – Total head (m) 
z – Position head (m) 
u – Pore water pressure (kN/m2) 
γw – Unit weight of water (9.81kN/m
3
) 
 Results 
By utilizing the above equation the following results were obtained for the 3 cases, see appendix 
for detailed calculations. 
Table 4.2 Pore water pressure comparison 
Point Case 1 Case 2 Case 3 
A (KPa) 0 0 0 
B (KPa) 37.278 37.278 37.278 
C (KPa) 81.2424 62.186 43.2621 
D (KPa) 100.94 86.024 51.812 
E (KPa) 82.404 101.043 106.169 
F (KPa) 0 92.518 95.918 
G (KPa) - 58.86 16.677 
H (KPa) - 0 0 
 
66 
 
 Hydraulic Gradient 
 Introduction 
The hydraulic gradient is a measure of the amount of head (potential) loss over a given length in 
the direction of water flow. The value can be determined either by using piezometers, or 
graphically with the help of flow nets (Minato 2008). This is a very useful value in design 
analysis as it allows us to determine the coefficient of permeability (if not already known), 
seepage forces, link flow rates to flow velocities through given cross sectional areas and 
determine safety factors. 
 Equations 
A very simple equation can help us to determine the hydraulic gradient for each case using the 
graphical representation of the flow nets drawn to scale (Minato 2008). Note that its negative 
value indicates the direction of flow as water will flow from high to low potential points. 
−𝑖 =
𝛥𝑕
𝐿
 
Where: i – Hydraulic gradient (dimensionless) 
Δh – Difference in total head (m) 
L – flow path length (m) 
 Results 
By utilizing the above equation the following results were obtained for the 3 cases, see appendix 
of this chapter for detailed calculations. 
Table 4.3 Hydraulic gradient comparison 
 Case 1 Case 2 Case 3 
Largest Hydraulic 
Gradient 
0.396 0.543  0.792 
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 Safety Factor 
 Introduction 
The safety factor is a measure of the likelihood of safeguarding against downstream seepage 
failures such as a rise (heave) in the soil surface, increased water flow (soft, instable soil), 
surface boiling (quicksand effect) or complete failure. It is a function of the downward force 
experienced by a soil due to the weight of the soil and water itself, and the upward force 
opposing it due to water seepage (Minato 2008). This is a very important factor in design and 
must be sufficient to ensure the integrity of the foundations and their ability to support a structure 
over time. 
 Equations 
𝑆𝐹 =
𝑊′
𝐹𝑠
=
𝛾𝑠𝑢𝑏
𝑖𝛾𝑤
=
𝛾𝑠𝑎𝑡 − 𝛾𝑤
𝑖𝛾𝑤
 
Where: SF – Safety Factor against downstream seepage failures (dimensionless) 
W‟ – Downward force (kN/m3) 
Fs – Upward seepage force (kN/m
3
) 
γsub – Submerged unit weight (kN/m
3
) 
i – Hydraulic gradient (dimensionless) 
γsat – Saturated unit weight (kN/m
3
) 
γw - Unit weight of water (9.81kN/m
3
) 
 Results 
By utilizing the above equation the following results were obtained for the 3 cases, see appendix 
for detailed calculations. 
Table 4.4 Safety factor comparison 
 Case 1 Case 2 Case 3 
Safety Factor 1.80 3.88 4.61 
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4.11 Reasoning, Reflection and Conclusion 
 
From all of the above sections it can be seen that a whole range of factors should be considered 
when analyzing or designing any such soil based systems where water is present. Furthermore, 
the usefulness of the flow net concept can be understood and how it can be used to graphically 
analyze the 3 design cases given (Minato 2008).  
Through analysis and quantifying seepage by use of the flow net, one can gain an understanding 
of the nature of seepage and the inherent design problems that it can give rise to (Minato 2008). 
The movement of water through a soil is driven by potential (or head) and can compromise the 
stability, load bearing capability and internal stresses of the soil through which it flows. 
Quantizing the rate of seepage losses gives a basis on which to evaluate the soil for suitability for 
many applications.  
Analyzing the pore water pressures at various points through the soil gives us an idea of the 
types of pressures and forces which a structural member such as a wall experiences when sunk 
into the soil. This highlights the importance of not only designing for the soil to be suitable for 
the given application, but also to ensure that any members utilized (in this case, sheet pile walls) 
are designed adequately to withstand the forces and pressures that they will become subject to. 
Thus, allowing confidence in the integrity of the design, now and over time (Minato 2008). 
Methods have been used to determine the hydraulic gradient at various points throughout the soil 
samples (Minato 2008). This proved to be important as the hydraulic gradient, which is a 
measure of the head loss over a given distance, is a very powerful tool in analyzing the behavior 
of the flow of water through the soil. The hydraulic gradient allows for determination of the 
coefficient of permeability (if not already known), seepage forces, link flow rates to flow 
velocities through given cross sectional areas and determine safety factors. All of which are 
crucial factors for soil stability and are required in order to design a soil based system. 
The safety factor highlights the apparent safety of the design and shows a clearance from the 
chances of design failure. They not only allow the design the ability to gauge whether or not the 
soil is suitable for the job but also gives an idea of how safe it is, or how far away from failure it 
is. This is important as all applications have a different safety requirement attached to them, 
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therefore in some high risk design jobs the designer need to give themselves a larger clearance, 
or confidence, that the design will perform the job adequately. This is done via the safety factor 
and is a crucial tool in geotechnical design (Minato 2008). 
These calculations using the graphical flow net methods are not perfectly accurate. This has been 
discussed may times. This is the nature of the method and it is up to the designer to evaluate the 
job and decide whether this method of analysis is in fact adequate. In the case of a simple job on 
a small scale with low loads and very small risk of harm to human life it would be perfectly fine 
to accept the inaccuracies introduced by this method (Minato 2008). Whereas in a large scope 
project with large supporting loads and millions of dollars riding on it, and mass loss of life 
possible in the event of failure then the designer would not be able to accept the inaccuracies 
introduced by this graphical method. The best way to eliminate these inaccuracies during 
analysis and design is to use finite element simulation software, this would ensure the highest 
possible accuracy for the design project. 
The most important element to take away from this exercise is that each design is completely 
different and the requirements are governed by a complex series of factors, all of which need to 
be taken into account. Each application needs to be designed to suit all of these calculations and 
analytical values as tools for the designer to make the best possible decision with the confidence 
that the design will do the required job without being overkill and costing way too much money 
(Minato 2008). This has been a very valuable lesson in how water seepage effects soil, how we 
can quantify and understand the effects, and what measures can be taken to reduce the magnitude 
of these effects. All striving towards the goal and achieving a successful design. 
4.12 References 
 
Refer to Dissertation References 
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4.13 Appendix 
 
Case 1 Evaluation: 
 
Figure 4.4 Case 1 Flow net 
Give the Case 1 shown in figure 4.4 the following calculations can be applied: 
For criterion 1: Daily seepage rate 
To firstly determine seepage loss, Seepage =𝑞 = 𝑘.𝑕.
𝑁𝑓
𝑁𝑑
. 
To evaluate this a few terms need to be determined. 
𝑘 - The coefficient of permeability will be taken as 6.9 × 10−5 𝑚𝑒𝑡𝑟𝑒𝑠/𝑠𝑒𝑐𝑜𝑛𝑑. 
𝑕 - The head loss of water will be taken as 9.2 meters. 
𝑁𝑓 - The number of flow channels will be taken as 3.62 (based on an average). 
𝑁𝑑 - The number of equipotential drops will be taken as 6 (based on inspection). 
∴ 𝑞 =   6.9 × 10−5  ×  9.2  ×  
3.62
6
 = 𝟑.𝟖𝟐𝟗𝟗𝟔 × 𝟏𝟎−𝟒 𝒎𝟑/𝒔𝒆𝒄.  
Converting this to m
3
/day: 
9.2 meters 
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∴ 𝑞 =   3.82996 × 10−4   ×  60 × 60 × 24 = 𝟑𝟑.𝟎𝟗𝟏 𝒎𝟑/𝒅𝒂𝒚. 
Seepage (𝑞) is therefore 𝟑𝟑.𝟎𝟗𝟏 𝒎𝟑/𝒅𝒂𝒚  in this case. 
For criterion 2: Net water pressure diagram 
 
Figure 4.5 Case 1 Cofferdam pressure diagram 
For each point A through to F on figure 4.5. Pore water pressure will be determined. 
𝑕 = 𝑧 +
𝑢
𝛾𝑤
 
∴ 𝑢 =  𝑕 − 𝑧  𝛾𝑤 = 𝑝𝑜𝑟𝑒 𝑤𝑎𝑡𝑒𝑟 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒. 
𝑕 - Is the head loss of water. 
𝑧 - Is the position head. 
𝛾𝑤  - Is the unit weight of water taken as 9.81 kPa.  
For pore water pressure at point A: 
𝑕𝐴 =  18.6 + 3.8 = 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔 
𝑍𝐴 =  18.6 + 3.8 = 𝟐𝟐. 𝟒 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐴 =  𝛾𝑤 𝑕
𝐴−𝑍𝐴 = 9.81 ×  22.4 − 22.4 =  𝟎 𝒌𝑷𝒂. 
 
18.6 meters 
3 meters 
A 
B 
C 
D 
E 
F 
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For pore water pressure at point B: 
𝑕𝐵 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟔
  
∴ 𝑕𝐵 =   18.6 + 3.8 −  0 ×
3.8
6
= 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐵 =   18.6 + 3.8  − 3.8 = 𝟏𝟖. 𝟔 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐵 =  𝛾𝑤 𝑕
𝐵−𝑍𝐵 = 9.81 ×  22.4 − 18.6 =  𝟑𝟕.𝟐𝟕𝟖 𝒌𝑷𝒂. 
For pore water pressure at point C: 
𝑕𝐶 =   18.6 + 3.8 −  𝑁𝑑 × ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟔
  
∴ 𝑕𝐶 =   18.6 + 3.8 −  1.45 ×
3.8
6
= 𝟐𝟏.𝟒𝟖𝟏𝟔 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐶 =   18.6 + 3.8  − 3.8 −  5.4 = 𝟏𝟑.𝟐 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐶 =  𝛾𝑤 𝑕
𝐶−𝑍𝐶 = 9.81 ×  21.4816 − 13.2 =  𝟖𝟏.𝟐𝟒𝟐𝟒 𝒌𝑷𝒂. 
For pore water pressure at point D: 
𝑕𝐷 =   18.6 + 3.8 −  𝑁𝑑 × ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟔
  
∴ 𝑕𝐷 =   18.6 + 3.8 −  2.99 ×
3.8
6
= 𝟐𝟎.𝟓𝟎 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐷 =   18.6 + 3.8  − 3.8 −  5.4 − 3 = 𝟏𝟎.𝟐 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐷 =  𝛾𝑤 𝑕
𝐷−𝑍𝐷 = 9.81 ×  20.5 − 10.2 =  𝟏𝟎𝟎.𝟗𝟒 𝒌𝑷𝒂. 
For pore water pressure at point E: 
𝑕𝐸 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟔
  
∴ 𝑕𝐸 =   18.6 + 3.8 −  6 ×
3.8
6
= 𝟏𝟖. 𝟔 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐸 =   18.6 + 3.8  − 3.8 −  5.4 − 3 = 𝟏𝟎.𝟐 𝒎𝒆𝒕𝒓𝒆𝒔 
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∴ 𝑈𝐸 =  𝛾𝑤 𝑕
𝐸−𝑍𝐸 = 9.81 ×  18.6 − 10.2 = 𝟖𝟐.𝟒𝟎𝟒 𝒌𝑷𝒂. 
For pore water pressure at point F: 
𝑕𝐹 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟔
  
∴ 𝑕𝐹 =   18.6 + 3.8 −  0 ×
3.8
6
= 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐹 =   18.6 + 3.8  = 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐹 =  𝛾𝑤 𝑕
𝐹−𝑍𝐹 = 9.81 ×  22.4 − 22.4 =  𝟎𝒌𝑷𝒂. 
 
Figure 4.6 Case 1 net pore pressure diagram 
Pore water pressures from A through to F are: 
Table 4.5 Pore water pressure 
Point Pore water Pressure (U) 
in kPa 
A 0 
B 37.278 
C 81.2424 
D 100.94 
E 82.404 
F 0 
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Net Pore water pressures from A through to F are: 
Table 4.6 Net pore water pressure 
Point Calculation Net Pore water 
Pressure (U) in kPa 
A 0 - 0 0 
B 37.278 - 0 37.278 
C - F 81.2424 - 0  81.2424 
D - E 100.94 - 82.404 18.536 
 
 
Figure 4.7 Case 1 Cofferdam net pore water pressure diagram 
For criterion 3: Hydraulic gradient Interpretation 
Estimating the largest hydraulic gradient is done by examining the smallest segment of the flow 
net and finding the flow length in this segment. 
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Figure 4.8 Case 1 Cofferdam hydraulic gradient 
When estimating the hydraulic gradient the greatest value is determined in the smallest length on 
the flow net. This means that the smallest equipotential drop is determined. From figure 4.8 it 
can be seen that the red line represents the length taken as an average width of the smallest 
segment of the flow net.  
∆𝑕 =
𝐻
𝑁𝑑   
=
3.8
6
 
𝐿 = 4𝑚𝑚 = 0.8 𝑚𝑒𝑡𝑟𝑒 𝑤𝑕𝑒𝑛 𝑠𝑐𝑎𝑙𝑒𝑑 = 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑙𝑜𝑤 𝑙𝑒𝑛𝑔𝑡𝑕. 
𝐻𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 = 𝑖 =
∆𝑕
𝐿
=
3.8
6
0.8
= 0.791667  
For criterion 4: Resistance to quicksand failure interpretation 
Critical Hydraulic gradient = Hydraulic gradient x 4 
∴   𝑖𝑐 = 0.791667 × 4 = 3.1667  
If 𝑖 >  𝑖𝑐  ≅ 1 𝑡𝑕𝑒𝑛 𝑄𝑢𝑖𝑐𝑘𝑠𝑎𝑛𝑑 𝑤𝑖𝑙𝑙 𝑜𝑐𝑐𝑢𝑟. 
0.791667 <  3.1667  ∴ 𝑞𝑢𝑖𝑐𝑘 𝑠𝑎𝑛𝑑 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑤𝑖𝑙𝑙 𝑛𝑜𝑡 𝑜𝑐𝑐𝑢𝑟 𝑎𝑛𝑑 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 𝑖𝑠 𝑠𝑎𝑓𝑒. 
This means that Cofferdam will not fail due to quicksand. As can be seen from the diagram this 
structure would fail due to insufficient penetration. This particular case will be investigated 
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further in chapter 5 with actual physical modeling. The numerical calculations undertaken here 
do not reveal a true result of quicksand failure. 
For criterion 5: Factor of safety determination 
Factor of safety against downstream seepage failure will be calculated. For this calculation the 
following equation will be used: 
 
Where: 
SF = Safety Factor against downstream seepage failures  
W‟ = Downward force (kN/m3)  
Fs = Upward seepage force (kN/m
3
)  
γsub = Submerged unit weight (kN/m
3
)  
i = Hydraulic gradient (dimensionless)  
γsat = Saturated unit weight (kN/m
3
)  
γw = Unit weight of water (9.81kN/m
3
)  
 
Figure 4.9 Case 1 Cofferdam calculation of hydraulic gradient 
From figure 4.9 it can be noted that: 
L = 3 meters 
E 
E 
F 
F 
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Δh = hD - hE > 0 
H
E
 = 13.2 +  6 ×
3.8
6
 = 17  
H
F
 = 13.2 metres 
γw  = 9.81 kN/m
3
 
γsat  = 21 kN/m
3
 ( this is an assumed value for sand). 
𝑕𝐸′ =    18.6 −  0 ×
3.8
6
  = 18.6 𝑚 
𝑕𝐹′ =    18.6 −  0 ×
3.8
6
  = 18.6𝑚 
∴ 𝑕𝐸−𝐸′𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
17 + 18.6
2
 = 17.8𝑚 
∴ 𝑕𝐹−𝐹′𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
18.6 + 13.2
2
 = 15.9 𝑚 
∴ 𝑖 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
17.8 − 15.9
𝐿
=  
1.9
3
= 0.6333 
∴ The safety factor is: 
𝑆𝐹 =  
𝛾𝑠𝑎𝑡 −  𝛾𝑤
𝑖 𝛾𝑤
=
21 − 9.81
0.6333 × 9.81
= 1.8 
This means that the factor of safety for downstream failure is 1.8 ∴ < 2 Unsafe and will fail. 
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Figure 4.10 Case 1 Cofferdam Safety Factor 
For criterion 6: Recommend an optimum embedment depth: 
Based on the design example given, embedment depth is insufficient. Increasing the embedment 
depth to approximately 4 meters might be sufficient in the case of this scenario. Calculations 
would need to be conducted to verify this recommendation.  
 
 
  
Out 
In 
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Case 2 Evaluation: 
 
Figure 4.11 Case 2 Flow net 
Given the Case 2 shown in figure 4.11 the following calculations can be applied: 
For criterion 1: Daily seepage rate 
To firstly determine seepage loss, Seepage =𝑞 = 𝑘.𝑕.
𝑁𝑓
𝑁𝑑
. 
To evaluate this a few terms need to be determined. 
𝑘 - The coefficient of permeability will be taken as 6.9 × 10−5 𝑚𝑒𝑡𝑟𝑒𝑠/𝑠𝑒𝑐𝑜𝑛𝑑. 
𝑕 - The head loss of water will be taken as 6.8 meters. 
𝑁𝑓 - The number of flow channels will be taken as 3.16 (based on an average). 
𝑁𝑑 - The number of equipotential drops will be taken as 7 (based on inspection). 
∴ 𝑞 =   6.9 × 10−5  ×  6.8  ×  
3.16
7
 = 𝟐.𝟏𝟏𝟖𝟏 × 𝟏𝟎−𝟒 𝒎𝟑/𝒔𝒆𝒄.  
Converting this to m
3
/day: 
∴ 𝑞 =   2.1181 × 10−4   ×  60 × 60 × 24 = 𝟏𝟖.𝟑 𝒎𝟑/𝒅𝒂𝒚. 
Seepage (𝑞) is therefore 𝟏𝟖.𝟑 𝒎𝟑/𝒅𝒂𝒚  in this example. 
6.8 meters 
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For criterion 2: Net water pressure diagram 
 
Figure 4.12 Case 2 Cofferdam pressure diagram 
For each point A through to H on figure 4.12. Pore water pressure will be determined. 
𝑕 = 𝑧 +
𝑢
𝛾𝑤
 
∴ 𝑢 =  𝑕 − 𝑧  𝛾𝑤 = 𝑝𝑜𝑟𝑒 𝑤𝑎𝑡𝑒𝑟 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒. 
𝑕 - Is the head loss of water. 
𝑧 - Is the position head. 
𝛾𝑤  - Is the unit weight of water taken as 9.81 kPa.  
 
For pore water pressure at point A: 
𝑕𝐴 =  18.6 + 3.8 = 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔 
𝑍𝐴 =  18.6 + 3.8 = 𝟐𝟐. 𝟒 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐴 =  𝛾𝑤 𝑕
𝐴−𝑍𝐴 = 9.81 ×  22.4 − 22.4 =  𝟎 𝒌𝑷𝒂. 
 
18.6 meters 
2.4 meters 
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For pore water pressure at point B: 
𝑕𝐵 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟕
  
∴ 𝑕𝐵 =   18.6 + 3.8 −  0 ×
3.8
7
= 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐵 =   18.6 + 3.8  − 3.8 = 𝟏𝟖. 𝟔 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐵 =  𝛾𝑤 𝑕
𝐵−𝑍𝐵 = 9.81 ×  22.4 − 18.6 =  𝟑𝟕.𝟐𝟕𝟖 𝒌𝑷𝒂. 
For pore water pressure at point C: 
𝑕𝐶 =   18.6 + 3.8 −  𝑁𝑑 × ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟕
  
∴ 𝑕𝐶 =   18.6 + 3.8 −  0.85 ×
3.8
7
= 𝟐𝟏.𝟗𝟑𝟗 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐶 =   18.6 + 3.8  − 3.8 −  3 = 𝟏𝟓.𝟔 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐶 =  𝛾𝑤 𝑕
𝐶−𝑍𝐶 = 9.81 ×  21.939 − 15.6 =  𝟔𝟐.𝟏𝟖𝟔 𝒌𝑷𝒂. 
For pore water pressure at point D: 
𝑕𝐷 =   18.6 + 3.8 −  𝑁𝑑 × ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟕
  
∴ 𝑕𝐷 =   18.6 + 3.8 −  1.9 ×
3.8
7
= 𝟐𝟏.𝟑𝟔𝟗 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐷 =   18.6 + 3.8  − 3.8 −  3 − 3 = 𝟏𝟐.𝟔 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐷 =  𝛾𝑤 𝑕
𝐷−𝑍𝐷 = 9.81 ×  21.369 − 12.6 =  𝟖𝟔.𝟎𝟐𝟒 𝒌𝑷𝒂. 
For pore water pressure at point E: 
𝑕𝐸 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟕
  
∴ 𝑕𝐸 =   18.6 + 3.8 −  3.5 ×
3.8
7
= 𝟐𝟎.𝟓𝟎𝟎 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐸 =   18.6 + 3.8  − 3.8 −  3 − 3 − 2.4 = 𝟏𝟎.𝟐 𝒎𝒆𝒕𝒓𝒆𝒔 
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∴ 𝑈𝐸 =  𝛾𝑤 𝑕
𝐸−𝑍𝐸 = 9.81 ×  20.500 − 10.2 =  𝟏𝟎𝟏.𝟎𝟒𝟑 𝒌𝑷𝒂. 
For pore water pressure at point F: 
𝑕𝐹 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟕
  
∴ 𝑕𝐹 =   18.6 + 3.8 −  5.1 ×
3.8
7
= 𝟏𝟗.𝟔𝟑𝟏 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐹 =   18.6 + 3.8  − 3.8 −  3 − 3 − 2.4 = 𝟏𝟎. 𝟐 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐹 =  𝛾𝑤 𝑕
𝐹−𝑍𝐹 = 9.81 ×  19.631 − 10.2 =  𝟗𝟐.𝟓𝟏𝟖 𝒌𝑷𝒂. 
For pore water pressure at point G: 
𝑕𝐺 =   18.6 + 3.8 −  𝑁𝑑 × ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟕
  
∴ 𝑕𝐺 =   18.6 + 3.8 −  7 ×
3.8
7
= 𝟏𝟖.𝟔 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐺 =   18.6 + 3.8  − 3.8 −  3 − 3 = 𝟏𝟐.𝟔 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐺 =  𝛾𝑤 𝑕
𝐺−𝑍𝐺 = 9.81 ×  18.6 − 12.6 =  𝟓𝟖.𝟖𝟔𝒌𝑷𝒂. 
For pore water pressure at point H: 
𝑕𝐻 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟕
  
∴ 𝑕𝐻 =   18.6 + 3.8 −  0 ×
3.8
7
= 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐻 =   18.6 + 3.8  = 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐻 =  𝛾𝑤 𝑕
𝐻−𝑍𝐻 = 9.81 ×  22.4 − 22.4 =  𝟎𝒌𝑷𝒂. 
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Figure 4.13 Case 2 Cofferdam net pore pressure diagram 
Pore water pressures from A through to H are: 
Table 4.7 Pore water pressure 
Point Pore water Pressure (U) in 
kPa 
A 0 
B 37.278 
C 62.186 
D 86.024 
E 101.043 
F 92.518 
G 58.86 
H 0 
 
Net Pore water pressures from A through to H are: 
Table 4.8 Net pore water pressure 
Point Calculation Net Pore water Pressure 
(U) in kPa 
A 0 - 0 0 
B 37.278 - 0 37.278 
C - H 62.186 - 0  62.186 
D - G 86.024 - 58.86 27.164 
E - F 101.043 - 92.518 8.525 
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Figure 4.14 Case 2 Cofferdam net pore water pressure diagram 
For criterion 3: Hydraulic gradient Interpretation 
Estimating the largest hydraulic gradient is done by examining the smallest segment of the flow 
net and finding the flow length in this segment. 
 
Figure 4.15 Case 2 Cofferdam hydraulic gradient 
When estimating the hydraulic gradient the greatest value is determined in the smallest length on 
the flow net. This means that the smallest equipotential drop is determined. From figure 4.15 it 
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can be seen that the red line represents the length taken as an average width of the smallest 
segment of the flow net.  
∆𝑕 =
𝐻
𝑁𝑑   
=
3.8
7
 
𝐿 = 5𝑚𝑚 = 1 𝑚𝑒𝑡𝑟𝑒 𝑤𝑕𝑒𝑛 𝑠𝑐𝑎𝑙𝑒𝑑 = 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑙𝑜𝑤 𝑙𝑒𝑛𝑔𝑡𝑕. 
𝐻𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 = 𝑖 =
∆𝑕
𝐿
=
3.8
7
1
= 0.542857  
For criterion 4: Resistance to quicksand failure interpretation 
Critical Hydraulic gradient = Hydraulic gradient x 4 
∴   𝑖𝑐 = 0.542857 × 4 = 2.1714 
If 𝑖 >  𝑖𝑐  ≅ 1 𝑡𝑕𝑒𝑛 𝑄𝑢𝑖𝑐𝑘 𝑠𝑎𝑛𝑑 𝑤𝑖𝑙𝑙 𝑜𝑐𝑐𝑢𝑟. 
0.542857 <  2.1714  ∴ 𝑞𝑢𝑖𝑐𝑘𝑠𝑎𝑛𝑑  𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑤𝑖𝑙𝑙 𝑛𝑜𝑡 𝑜𝑐𝑐𝑢𝑟 𝑎𝑛𝑑 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 𝑖𝑠 𝑠𝑎𝑓𝑒. 
This means that Cofferdam will not fail due to quicksand. 
For criterion 5: Factor of safety determination 
Factor of safety against downstream seepage failure will be calculated. For this calculation the 
following equation will be used: 
 
Where: 
SF = Safety Factor against downstream seepage failures  
W‟ = Downward force (kN/m3)  
Fs = Upward seepage force (kN/m
3
)  
γsub = Submerged unit weight (kN/m
3
)  
i = Hydraulic gradient (dimensionless)  
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γsat = Saturated unit weight (kN/m
3
)  
γw = Unit weight of water (9.81kN/m
3
)  
 
Figure 4.16 Case 2 Cofferdam calculation of hydraulic gradient 
From figure 4.16 it can be noted that: 
L = 5.6 metres 
Δh = hF - hH > 0 
h
F
 = 15.6 +  5 ×
3.8
7
 = 18.314 
h
H
 = 15.6 metres 
γw  = 9.81 kN/m
3
 
γsat  = 21 kN/m
3
 ( this is an assumed value for sand). 
𝑕𝐹′ =    18.6 −  5.9 ×
3.8
7
  = 15.397 𝑚 
𝑕𝐻′ =    18.6 −  7 ×
3.8
7
  = 14.8 𝑚 
∴ 𝑕𝐹−𝐹′𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
18.314 + 15.399
2
 = 16.857 𝑚 
∴ 𝑕𝐻−𝐻′𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
15.6 + 14.8
2
 = 15.2 𝑚 
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∴ 𝑖 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
16.857 − 15.2
𝐿
=  
16.857 − 15.2
5.6
= 0.29589  
∴ The safety factor is: 
𝑆𝐹 =  
𝛾𝑠𝑎𝑡 −  𝛾𝑤
𝑖 𝛾𝑤
=
21 − 9.81
0.29589 × 9.81
= 3.855 
This means that the factor of safety for downstream failure is 3.855 ∴ Safe. 
 
 
Figure 4.17 Case 2 Cofferdam Safety Factor 
For criterion 6: Recommend an optimum embedment depth: 
Based on the design example given, embedment depth does not need to be as deep as it is. 
Reducing the embedment depth to approximately 4 meters might be sufficient in the case of this 
scenario. Calculations would need to be conducted to verify this recommendation.  
 
  
Out 
In 
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Case 3 Evaluation: 
 
Figure 4.18 Case 3 Flow net 
Give the Case 3 shown in figure 4.18 the following calculations can be applied: 
For criterion 1: Daily seepage rate 
To firstly determine seepage loss, Seepage =𝑞 = 𝑘.𝑕.
𝑁𝑓
𝑁𝑑
. 
To evaluate this a few terms need to be determined. 
𝑘 - The coefficient of permeability will be taken as 6.9 × 10−5 𝑚𝑒𝑡𝑟𝑒𝑠/𝑠𝑒𝑐𝑜𝑛𝑑. 
𝑕 - The head loss of water will be taken as 5.4 meters. 
𝑁𝑓 - The number of flow channels will be taken as 3.65 (based on an average). 
𝑁𝑑 - The number of equipotential drops will be taken as 8 (based on inspection). 
∴ 𝑞 =   6.9 × 10−5  ×  5.4  ×  
3.65
8
 = 𝟏.𝟔𝟗𝟗𝟗𝟗 × 𝟏𝟎−𝟒 𝒎𝟑/𝒔𝒆𝒄.  
Converting this to m
3
/day: 
∴ 𝑞 =   1.69999 × 10−4   ×  60 × 60 × 24 = 𝟏𝟒.𝟔𝟖𝟖 𝒎𝟑/𝒅𝒂𝒚. 
5.4 meters 
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Seepage (𝑞) is therefore 𝟏𝟒.𝟔𝟖𝟖 𝒎𝟑/𝒅𝒂𝒚  in this example. 
For criterion 2: Net water pressure diagram 
 
Figure 4.19 Case 3 Cofferdam pressure diagram 
For each point A through to H on figure 4.19. Pore water pressure will be determined. 
𝑕 = 𝑧 +
𝑢
𝛾𝑤
 
∴ 𝑢 =  𝑕 − 𝑧  𝛾𝑤 = 𝑝𝑜𝑟𝑒 𝑤𝑎𝑡𝑒𝑟 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒. 
𝑕 - Is the head loss of water. 
𝑧 - Is the position head. 
𝛾𝑤  - Is the unit weight of water taken as 9.81 kPa.  
For pore water pressure at point A: 
𝑕𝐴 =  18.6 + 3.8 = 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔 
𝑍𝐴 =  18.6 + 3.8 = 𝟐𝟐. 𝟒 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐴 =  𝛾𝑤 𝑕
𝐴−𝑍𝐴 = 9.81 ×  22.4 − 22.4 =  𝟎 𝒌𝑷𝒂. 
A 
B 
C 
D 
E 
F 
G 
H 
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For pore water pressure at point B: 
𝑕𝐵 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟖
  
∴ 𝑕𝐵 =   18.6 + 3.8 −  0 ×
3.8
8
= 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐵 =   18.6 + 3.8  − 3.8 = 𝟏𝟖. 𝟔 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐵 =  𝛾𝑤 𝑕
𝐵−𝑍𝐵 = 9.81 ×  22.4 − 18.6 =  𝟑𝟕.𝟐𝟕𝟖 𝒌𝑷𝒂. 
For pore water pressure at point C: 
𝑕𝐶 =   18.6 + 3.8 −  𝑁𝑑 × ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟖
  
∴ 𝑕𝐶 =   18.6 + 3.8 −  0.189 ×
3.8
8
= 𝟐𝟐.𝟑𝟏𝟎 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐶 =   18.6 + 3.8  − 3.8 −  0.7 = 𝟏𝟕.𝟗 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐶 =  𝛾𝑤 𝑕
𝐶−𝑍𝐶 = 9.81 ×  22.310 − 17.9 =  𝟒𝟑.𝟐𝟔𝟐𝟏 𝒌𝑷𝒂. 
For pore water pressure at point D: 
𝑕𝐷 =   18.6 + 3.8 −  𝑁𝑑 × ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟖
  
∴ 𝑕𝐷 =   18.6 + 3.8 −  0.46 ×
3.8
8
= 𝟐𝟐.𝟏𝟖𝟏𝟓 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐷 =   18.6 + 3.8  − 3.8 −  1.7 = 𝟏𝟔. 𝟗 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐷 =  𝛾𝑤 𝑕
𝐷−𝑍𝐷 = 9.81 ×  22.1815 − 16.9 =  𝟓𝟏.𝟖𝟏𝟐 𝒌𝑷𝒂. 
For pore water pressure at point E: 
𝑕𝐸 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟖
  
∴ 𝑕𝐸 =   18.6 + 3.8 −  2.9 ×
3.8
8
= 𝟐𝟏.𝟎𝟐𝟐𝟓 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐸 =   18.6 + 3.8  − 3.8 −  3 − 3 − 2.4 = 𝟏𝟎.𝟐 𝒎𝒆𝒕𝒓𝒆𝒔 
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∴ 𝑈𝐸 =  𝛾𝑤 𝑕
𝐸−𝑍𝐸 = 9.81 ×  21.0225 − 10.2 =  𝟏𝟎𝟔.𝟏𝟔𝟖𝟕 𝒌𝑷𝒂. 
For pore water pressure at point F: 
𝑕𝐹 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟖
  
∴ 𝑕𝐹 =   18.6 + 3.8 −  5.1 ×
3.8
8
= 𝟏𝟗.𝟗𝟕𝟕𝟓 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐹 =   18.6 + 3.8  − 3.8 −  3 − 3 − 2.4 = 𝟏𝟎. 𝟐 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐹 =  𝛾𝑤 𝑕
𝐹−𝑍𝐹 = 9.81 ×  19.9775 − 10.2 =  𝟗𝟓.𝟗𝟏𝟕𝟐 𝒌𝑷𝒂. 
For pore water pressure at point G: 
𝑕𝐹 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟖
  
∴ 𝑕𝐹 =   18.6 + 3.8 −  8 ×
3.8
8
= 𝟏𝟖.𝟔 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐹 =   18.6 + 3.8  − 3.8 −  1.7 = 𝟏𝟔.𝟗 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐹 =  𝛾𝑤 𝑕
𝐹−𝑍𝐹 = 9.81 ×  18.6 − 16.9 =  𝟏𝟔.𝟔𝟕𝟕𝒌𝑷𝒂. 
For pore water pressure at point H: 
𝑕𝐹 =   18.6 + 3.8 −  𝑁𝑑 ×  ∆𝑕.  where ∆𝑕 =
𝐻
𝑁𝑑
=
𝟑.𝟖
𝟖
  
∴ 𝑕𝐹 =   18.6 + 3.8 −  0 ×
3.8
8
= 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔. 
𝑍𝐹 =   18.6 + 3.8  = 𝟐𝟐.𝟒 𝒎𝒆𝒕𝒓𝒆𝒔 
∴ 𝑈𝐹 =  𝛾𝑤 𝑕
𝐹−𝑍𝐹 = 9.81 ×  22.4 − 22.4 =  𝟎𝒌𝑷𝒂. 
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Figure 4.20 Case 3 Cofferdam net pore pressure diagram 
Pore water pressures from A through to H are: 
Table 4.9 Pore water pressure 
Point Pore water Pressure (U) 
in kPa 
A 0 
B 37.278 
C 43.2621 
D 51.812 
E 106.1687 
F 95.9175 
G 16.677 
H 0 
 
Net Pore water pressures from A through to H are: 
Table 4.10 Net pore water pressure 
Point Calculation Net Pore water Pressure 
(U) in kPa 
A 0 - 0 0 
B 37.278 - 0 37.278 
C - H 43.2621 - 0  43.2621 
D - G 51.812 - 16.677 35.135 
E - F 106.1687 - 95.9175 10.2512 
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Figure 4.21 Case 3 Cofferdam net pore water pressure diagram 
For criterion 3: Hydraulic gradient Interpretation 
Estimating the largest hydraulic gradient is done by examining the smallest segment of the flow 
net and finding the flow length in this segment. 
 
Figure 4.22 Case 3 Cofferdam hydraulic gradient. 
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When estimating the hydraulic gradient the greatest value is determined in the smallest length on 
the flow net. This means that the smallest equipotential drop is determined. From figure 4.22 it 
can be seen that the red line represents the length taken as an average width of the smallest 
segment of the flow net.  
∆𝑕 =
𝐻
𝑁𝑑   
=
3.8
8
 
𝐿 = 6 𝑚𝑚 = 1.2 𝑚𝑒𝑡𝑟𝑒 𝑤𝑕𝑒𝑛 𝑠𝑐𝑎𝑙𝑒𝑑 = 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑓𝑙𝑜𝑤 𝑙𝑒𝑛𝑔𝑡𝑕. 
𝐻𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡 = 𝑖 =
∆𝑕
𝐿
=
3.8
8
1.2
= 0.39583  
For criterion 4: Resistance to quicksand failure interpretation 
Critical Hydraulic gradient = Hydraulic gradient x 4 
∴   𝑖𝑐 = 0.39583 × 4 = 1.5833 
If 𝑖 >  𝑖𝑐  ≅ 1 𝑡𝑕𝑒𝑛 𝑄𝑢𝑖𝑐𝑘 𝑠𝑎𝑛𝑑 𝑤𝑖𝑙𝑙 𝑜𝑐𝑐𝑢𝑟. 
0.39583 <  1.58333  ∴ 𝑞𝑢𝑖𝑐𝑘 𝑠𝑎𝑛𝑑 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑤𝑖𝑙𝑙 𝑛𝑜𝑡 𝑜𝑐𝑐𝑢𝑟 𝑎𝑛𝑑 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 𝑖𝑠 𝑠𝑎𝑓𝑒. 
This means that Cofferdam will not fail due to quicksand. 
For criterion 5: Factor of safety determination 
Factor of safety against downstream seepage failure will be calculated. For this calculation the 
following equation will be used: 
 
Where: 
SF = Safety Factor against downstream seepage failures  
W‟ = Downward force (kN/m3)  
Fs = Upward seepage force (kN/m
3
)  
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γsub = Submerged unit weight (kN/m
3
)  
i = Hydraulic gradient (dimensionless)  
γsat = Saturated unit weight (kN/m
3
)  
γw = Unit weight of water (9.81kN/m
3
)  
 
Figure 4.23 Case 3 Cofferdam calculation of hydraulic gradient 
From figure 4.23 it can be noted that: 
L = 7.2 metres 
Δh = hF - hH > 0 
h
F
 = 17 +  5 ×
3.8
8
 = 19.375 
h
H
 = 17 metres 
γw  = 9.81 kN/m
3
 
γsat  = 21 kN/m
3
 ( this is an assumed value for sand). 
𝑕𝐹′ =    18.6 −  5.5 ×
3.8
8
  = 15.9875 𝑚 
𝑕𝐻′ =    18.6 −  8 ×
3.8
8
  = 14.8 𝑚 
∴ 𝑕𝐹−𝐹′𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
19.375 + 15.9875
2
 = 17.68125 𝑚 
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∴ 𝑕𝐻−𝐻′𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
17 + 14.8
2
 = 15.9𝑚 
∴ 𝑖 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
17.68125 − 15.9
𝐿
=  
17.68125 − 15.9
7.2
= 0.24739  
∴ The safety factor is: 
𝑆𝐹 =  
𝛾𝑠𝑎𝑡 −  𝛾𝑤
𝑖 𝛾𝑤
=
21 − 9.81
0.24739 × 9.81
= 4.61 
This means that the factor of safety for downstream failure is 4.61 ∴ Safe. 
 
Figure 4.24 Cofferdam example Safety Factor 
For criterion 6: Recommend an optimum embedment depth: 
Based on the design example given, embedment depth does not need to be as deep as it is. 
Reducing the embedment depth to approximately 4 meters might be sufficient in the case of this 
scenario. Calculations would need to be conducted to verify this recommendation.  
Please refer to appendix F for scaled flow net diagrams. 
Out 
In 
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Chapter 5 
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5.0 Physical Modeling of flow nets 
5.1 Synopsis 
 
The purpose of this chapter is to outline and overview the physical modeling that has been 
conducted in relation to flow nets. For the project based learning task presented, two types of 
physical models have been documented and recorded. These tests being the flow net physical 
model and the quicksand model. These two specific criteria are utilized to reinforce the finding 
of chapter 4.  
Physical modeling is an important aspect of engineering. The formulation of hypothesis and the 
testing of theories are vital to reinforce both understanding and proof of numerical result 
performance. Knowing that a model you utilize works and the numerical calculations back it up 
means that it can be applied to real life scenarios. Obviously multiple tests need to be completed 
and standards need to be adhered to as always.  
5.2 Introduction 
 
Two types of physical models have been proposed in this chapter. The design and testing of 
these two physical models will be documented and described to enhance project based learning 
outcomes. The first model that will be discussed is that of the flow net generation model. This 
model has been designed to demonstrate the idealized flow of water under a cofferdam. The 
second model that will be discussed is that of a quicksand failure model. This model has been 
designed to demonstrate the failure of cofferdams due to quicksand.  
A third physical model has been proposed for the future to research and understand the effect of 
other types of design structures like earth dams. All of these prescribed models will benefit the 
project based learning task at hand and will demonstrate engineering understanding and ability.  
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5.3 Physical Modeling 
 General 
 
The purpose of this flow net model is to demonstrate the trend and characteristics of idealized 
flow lines. A Perspex tank has been designed for this purpose and sand has been used as the soil 
medium. The aim of this model is to replicate the 3 case solution to the given project based 
learning task. The actual propagation of flow lines will be demonstrated and images of results 
will be displayed.  
 Construction of model 
 
Please make reference to appendix D for design sketches of model tanks. These tanks were made 
from Perspex and fixed together using screws and silicone. These tanks were manufactured by 
the USQ workshop staff under the supervision of Mr Adrian Blokland. These models were 
designed by the author with the assistance of Dr Jim Shiau. 10mm Perspex was used for the 
design of the physical models and all measurements mentioned in sketches are internal 
dimensions. The Cofferdam wall is also Perspex and is fixed in position. Please refer to the 
following figures for design specific of test tanks: 
 
Figure 5.1 Case 1 Model Tank 
Upstream 
head inlet 
Downstream 
head discharge 
Dye and needle 
injector 
Coarse bedding 
sand medium 
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As can be seen in figure 5.1 a model tank to simulate case 1 of the solution test has been 
constructed. Note that plastic tubing is connected to the upstream and downstream hose fitting to 
induce a head of water. Dye and needle injector will be used to demonstrate the flow lines 
generated.  
 
Figure 5.2 Case 2 Model Tank 
As can be seen in figure 5.2 a model tank has been constructed to simulate case 2 of the solution 
procedure. This model represents the optimum penetration depth of a sheet pile wall based on 
preliminary calculations and investigations.  
 
Figure 5.3 Case 3 model Tank 
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As can be seen in figure 5.3 a model tank has been designed to simulate case 3 of the numerical 
solution analysis. This model tank will be tested and reported on. All 3 test tanks have the same 
geometrical dimensions, but have different levels of soil medium as prescribed in testing 
analysis.  
It must be noted and kept in mind that Cofferdams are symmetrical in structure. This means that 
the results obtained in these tests can be applied to all sides of a cofferdam wall depending on 
location, head and soil structure. These test tanks are of a 2 dimensional nature, but may be 
applied to a 3 dimensional scenario. Figure 5.4 below illustrates a previously designed complete 
cofferdam model: 
 
Figure 5.4 previously designed cofferdam model 
Although this model demonstrates a complete cofferdam scenario, its efficiency and robustness 
is a negative impact. It takes long periods of time to run and the size of the model makes it 
difficult to move and manipulate. Saying this, the model still gives a good representation of a 
cofferdam model.  
 Use of model 
 
Test model tanks 1,2 and 3 had a head of water applied as prescribed in numerical calculations. It 
was the aim that this head of water would remain constant. The soil medium used in the test 
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tanks was hand compacted using a metal ram of weight 500 grams and applying 15 blows to the 
top layer: Figure 5.5 is an example of the metal ram used: 
 
 
 
 
 
 
 
 
 
Figure 5.5 Metal Ram 
When sand is compacted at correct levels a head of water is added. The following figures 
represent the result obtained from flow lines when dye is added for the three cases.  
 
Figure 5.6 Case 1 flow line model 
50mm 
100mm 
75mm 
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Figure 5.6 illustrates the flow line generated for the case 1 scenario. As can be seen close to the 
downstream side of the cofferdam wall heaving occurred. It has been concluded from this 
experiment that heaving occurred in response to gradual failure of the cofferdam wall. The dye 
injected into case one represents an idealized flow line that occurred after 20 minutes of the 
model running.  
 
 
 
 
 
 
 
 
 
Figure 5.7 Case 2 Flow line model 
Figure 5.7 represents the generation of an idealized flow line for case 2 of the project based 
learning task. It can be noticed that the flow line is not as well defined as in Case 1. This 
inconsistency has occurred due to the insufficient compaction of the soil medium and the 
addition of dye into the soil prior to equilibrium of the model. Good analytical results can be 
achieved from this model, but repeating this experiment would reveal a better defined flow line. 
Saying this, a defined flow line can be observed.  
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Figure 5.8 Case 3 flow line model  
As can be seen in figure 3.8 a well defined flow line has been produced. This model took 45 
minutes to run to produce this result. This can be related to the slow seepage rate calculated in 
the numerical solution of chapter 4. 
 Flow Net Description  
 
From the three cases run in this flow line physical model flow nets can be directly overplayed 
from the numerical solution in Chapter 4 to produce similar results. Seepage was calculated and 
compared to from each physical model to the numerical models. The results are displayed in the 
following table. Physical model results were calculated by simply measuring a volume of 
discharge over a given time from the downstream end of the model: 
Table 5.1 Seepage rate comparison 
 Physical (chapter 5) Numerical (chapter 4) 
Case 1 30 m
3
/day 33.091 m
3
/day 
Case 2 16 m
3
/day 18.300 m
3
/day 
Case 3 13 m
3
/day 14.680 m
3
/day 
 
As can be seen in the above table, results are similar between physical and numerical models. 
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 Design of Model 
 
Models were designed to simulate and replicate the numerical Case 3 scenario of chapter 4 in the 
solution of the project based learning task of a cofferdam. For interest sake for case 1 a few more 
flow lines were added to witness the propagation. The following figures describe this: 
 
Figure 5.9 Case 1 failure 
Figure 5.9 displays an image of when a cofferdam begins to fail. This is due to quicksand failure. 
As can be seen sinking and liquefaction of the soil occurs. The dye represents the idealized flow 
path of water prior to failure. In this case dye was placed too close to the cofferdam wall and the 
model was not correctly calibrated.  
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Figure 5.10 Propagation of multiple flow lines 
Figure 5.10 demonstrates the gradual propagation of multiple flow lines over a period of 45 
minutes. This test was conducted on Case 1 as shown. An alteration that could be made to this 
model would be that of increasing the possible head that could be added to the upstream side. 
Designing and placing a Perspex collar on the existing tank to increase upstream head could be 
used to reveal a deeper penetration of a cofferdam wall and could also be used to simulate a 
possible retaining wall structure. More design enhancements could be made to this model to 
apply it to further geotechnical scenarios outside the scope of this project based learning outcome 
task. 
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5.4 Quicksand Model 
 General 
The purpose of a quicksand model is to test the factor of safety of a cofferdam against 
downstream quicksand failure. Quicksand failure is the loss of soil capacity in relation to an 
engineering structure, like a cofferdam. This condition occurs when inter-particle contact reduces 
to nothing and solids begin to behave like liquids. In short, quicksand failure is the natural 
movement of soil to obtain equilibrium in the presence of insufficient sheet pile penetration and 
a corresponding sufficient head of water. The aim of this physical model is to test this condition 
and propose an optimum penetration depth of sheet pile wall.  
 Condition described 
 
When a sheet pile wall is insufficiently embedded into a soil material failure can occur. Overturn 
and structural failure may occur, but quicksand failure is most likely to occur prior to this. 
Quicksand failure is not usually considered when designing engineering structures, but its 
presence usually leads to many failure modes. Quicksand failure is a 5 stage process 
(Forchheimer PE, 1902) :  
1. Piping - formation of voids and cylindrical pipe like voids within soil medium. 
2. Sinking - the gradual movement and de-compaction of soil. 
3. Heaving - the uplift of soil medium at the downstream toe of the cofferdam structure. 
4. Boiling - the gradual movement and bubbling of soil particles. 
5. Liquefaction - failure and movement of soil to equilibrium involved in quicksand failure. 
This 5 stage process will be investigated further using a quicksand failure model. The model tank 
used in this investigation is similar to that of the Case 1 flow net investigation. It was found that 
varying the soil medium depths on the downstream and upstream ends of the physical model and 
varying the head of water applied would achieve the goal of quicksand failure (Forchheimer PE, 
1902).  
 Results noted 
 
When discovering the quicksand failure criterion for soils in relation to cofferdam structures it is 
important to note that:  
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The following figures display the 5 stage failure process: 
 
Figure 5.11 Formation of piping beneath sheet pile wall (blue lines enhancement) 
 
Figure 5.12 Sinking of soil medium (blue arrows demonstrate) 
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Figure 5.13 Heaving of soil medium (Demonstrated by yellow regions) 
 
Figure 5.14 Boiling of soil medium (Enhanced by blue bubbles) 
 
Figure 5.15 Liquefaction (Quicksand failure) 
 
Sinking region Heave region 
Sinking region 
Boiling 
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Figure 5.16 Post Failure (Equilibrium) 
These results demonstrate the gradual yet catastrophic failure of an embedded sheet pile wall 
(cofferdam) via downstream quicksand condition. The results obtained from this test concluded 
that the optimum embedment depth of a sheet pile wall is approximately 1/3 its total height. This 
value ensures appropriate factor of safety and resistance to quicksand failure.  
 Interesting notes 
 
In total it took approximately five minutes to run the quicksand model. This model found that 
quicksand failure does occur and it is catastrophic. It was interesting to note that after quicksand 
failure had occurred bubbling and voiding continued to happen inside the cofferdam structure. 
This is best illustrated in the image below. Boiling continued for a further 3 minutes post failure 
as the model attempted to reach equilibrium 
 
Figure 5.17 Post Failure Boiling and voiding (Enhanced by blue bubbles) 
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On a three dimensional basis this model demonstrates the continued effects of quicksand failure 
and the unexpected continued failure until equilibrium occurs. 
 Conclusion 
 
From the physical model it can be concluded that embedment of a sheet pile wall should be 
approximately 1/3 the total height of the wall. This embedment depth ensures resistance to 
quicksand failure and ensures appropriate factor of safety. It should be noted that this model 
attempted to test 3 different types of soil medium. Bedding sand, coarse river sand and 
decomposed granite material. Although all three materials were tested it was found that 
reportable and appropriate results could be obtained from the coarse river sand. In the future it 
would be beneficial to test a more diverse range of soil samples and also attempted to elaborate 
on different soil strata interference layers to see how flow lines and quicksand failures relates to 
these.   
5.5 Earth Dam model 
 General 
 
Although earth dam models were not investigated in this research project in relation to project 
based learning, it may be interesting to look further into this in the future. Earth dams are used 
extensively throughout Australia‟s dry continent to service the needs of agriculture and society. 
It may be beneficial and applicable for an engineer to elaborate on and investigate the seepage in 
relation to earth dams. 
 Application 
 
The following figure illustrates the types of flow net calculations that could be applied to earth 
dam models in the future. When physically modeling these structures it may be interesting to 
simply mould a replica dam wall into a soil stratum and add dye, as has been done for flow lines, 
to see what results are obtained.  
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Figure 5.18 Earth dam model possibilities (Das 2000) 
These models proposed by (Das 2000) demonstrate further possibilities outside the scope of this 
project based learning task.  
 Uses 
 
These models have extensive uses in the areas of civil, environmental and agricultural 
engineering. These models and accompanying results would be beneficial to the knowledge of 
engineers. When utilizing these models, it would be interesting to test both overturn and 
quicksand failure. Large heads of water would need to be used for this experiment and a lot of 
time and thought would need to go into the engineering design and application of these models 
and their results. 
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 Conclusion 
 
Earth dam models could have been interpreted as the solution to the vague project based learning 
task provided. It was the choice of the author of this project to use a simplified flow net approach 
in terms of cofferdams. Cofferdams could have been used in conjunction with earth dam 
structures in the future to gauge more diverse and ranged results. In the future it may be 
interesting for students to research more into this area. 
5.6 Summary and conclusions 
 
From the flow line model tests conducted it was beneficial to relate the results obtained to those 
of the numerical results of chapter 4. These results are applicable and comparable. Although in 
the numerical solution, Case 1 was deemed to be safe, the quicksand model found that 
catastrophic failure occurred.  
In the future it may be interesting and applicable to test the model using a non-fixed cofferdam 
wall. In all of the experiments tested in this project based learning task, cofferdam sheet pile 
walls have been fixed in position. Obviously overturn failure would occur but how would this 
effect quicksand failure and its extent? It may be interesting to note that the process may be more 
gradual and varied.  
The physical modeling of this project based learning task has found that embedment depth of a 
sheet pile wall will be optimized at approximately one third the total height of the wall. 
Comparing this to current Australian design standards and regulations by the nation 
infrastructure delivery scheme may reveal a more complex and under-defined process to achieve 
these results.  
Overall this process has produced applicable and realistic results. Interesting phenomena has 
been documented and results have been provided. Project based learning in relation to 
cofferdams has been achieved and a plausible solution has been reached and expressed in a 
technical way. These results could be reasonably presented to a superior manager or an official 
for critiquing and analysis of the project site in question. Although a vague project task has been 
given. Chapter 4 and 5 of this dissertation present a plausible well researched solution that can be 
applied to real life and depended upon for accuracy and reliability.  
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Chapter 6 
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6.0 Reflection of flow nets 
6.1 Synopsis 
 
The purpose of this chapter is to outline and express the learning outcomes of project based 
learning in relation to flow nets. This chapter will aim to reflect on positive learning outcomes, 
future outcomes and possible changes to the way issues were handled. It is the intention that this 
chapter will revise and reflect on the achievements this project based learning task has 
accomplished.  
6.2 Introduction 
 
The project based learning task involved in this project assessment has been vital and thought 
provoking in terms of correct engineering judgment and methodology. It has been the intention 
of this project to exemplify the communication, technical and engineering standards that a 
graduate engineer is capable of. Demonstrated in this project has been a vague problem analyzed 
in a specific way. When tackling this problem the following process has been followed: 
 Brainstorm: Collect and gather information. Do initial investigation. 
 Define: Defining the scope and range of research. 
 Analyze: Looking into the possible analytical tool and types of conclusions that can used. 
 Decide: Deciding on a course of action and layout achievement goals and principles.  
 Act: Taking action to solve numerical calculations and physical modeling. 
 Review: Present findings and outcomes. 
 Reflect: The content of Chapter 6 will be where a review is conducted into the learning 
outcomes.  
Overall this project based learning task has given freedom of thought and requirement of 
professionalism for an engineering student. Relying on resources and the support faculty staff 
greatly assisted in the learning process.  
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6.3 Learning process 
 General 
 
 The outcomes achieved in this project based learning assessment are those prescribed in 
appendix A where the following objectives are shown:   
1. Conduct research into previous theory and methods of flow net analysis. 
2. Demonstrate correct engineering writing ability in relation to project based learning of 
flow nets. 
3. Investigate the phenomena of flow net theory relating to cofferdams and produce a 
technical report. 
4. Create a comprehensive physical model that demonstrates the effects of water seepage 
into cofferdams and explains the quicksand phenomena. 
5. Detail information that relates to presentation, critical thinking and engineering concepts 
in relation to professional engineering knowledge. 
6. Demonstrate possible uses of flow net graphical analysis in the field. Also demonstrate 
how flow nets can be used in other water seepage problem areas. 
 
All of these objectives have been achieved based on the method of analysis of: 
 
 
Figure 6.1 Learning Process 
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 Outcomes from flow nets 
 
Constructing a flow net gives a reliable method for calculating various characteristics of the 
soil/water interaction which govern the stability of the soil, and ultimately, the suitability of the 
site for construction and other uses (Minato 2008).  
The basic rules that were followed to successfully construct an accurate flow net are as follows: 
 Define boundary conditions and observe them throughout the construction process. 
 Equipotential lines must intersect flow lines at 90 degrees. 
 The flow elements formed must resemble approximate squares. 
By following these simple rules and using trial and error we can form a basis for analysis of the 
permeable medium. This can be seen in Chapter 4 of the analysis, where this has been carried out 
for 3 different cases. The flow nets have been used to analyze various characteristics of the soil.  
This procedure was followed correctly and outcomes were simple, effective and reasonable. All 
results have been described and analyzed in appropriate sections of Chapter 4.  
The accuracy of the flow net is important for all design consideration but none as important as 
assessing the factor of safety (Minato 2008). One way to increase the accuracy is to obtain more 
detailed ground condition data. A more accurate model may be formed using anisotropic 
hydraulic conductivity being used as soils generally have variable conditions over an area. Some 
issues with soils that would reduce the accuracy of the flow net include: 
 
 Local defects in the soil such as gravel pockets may significantly alter the flow regime 
(Holtz and Kovacs 1981:256); 
 There may be great variation in horizontal and vertical permeability. As Terzaghi 
(1948:163) has pointed out, the entire flow regime may be vastly different from our 
idealised flow; 
 Geologic defects in the underlying subsoils may provide express routes for the water to 
concentrate (Holtz and Kovacs 1981:256); and 
 Sheet piling may be unknowingly driven into boulders. 
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Thus it could be seen that more detailed geotechnical investigations may provide more 
information which may allow for greater accuracy in the flow net. This would allow for the risk 
to be managed more effectively. According to Whitlow (2001:58) another method to improve the 
accuracy of flow nets is to draw more flow lines up to a limit of around six lines. Furthermore to 
reduce systematic and random errors, more than one set of flow nets could be drawn by separate 
individuals. Measurements could be taken from each flow net and averaged. If accuracy is a 
prime consideration, numerical methods such as the finite difference solution for two 
dimensional flow may be used (Minato 2008). In addition there are numerous commercial 
computer programs (such as Slide) which should be able to provide a more accurate answer. 
Caution with the results should be exercised until the algorithm, methodology and assumptions 
the software uses are understood. Furthermore the use of numerical methods or software will still 
only produce a result as accurate as the input data. Hence it can be seen again the importance of 
collecting adequate soil data. 
6.4 Critical evaluation of results 
 
Seepage : 
By observing the results of seepage calculations it can quickly be concluded that the deeper the 
walls are sunken into the soil the less seepage losses are incurred. This can be safely stated as 
there are no other changing factors, each case has the same overall dimensions, same head loss, 
same permeability (Minato 2008). The only variable is the wall depth. If we look at the effect on 
the flow net structure that the deeper walls have we can clearly see that deeper walls mean that 
the water has a further distance to flow in order to reach its destination. This coupled with the 
fact that the total head loss (potential) does not change we basically have a situation where water 
has to travel further with no additional potential (or driving force behind it). This allows us to 
picture how the seepage losses are reduced by sinking deeper walls into the soil.  
Another point to note is that in graphical terms, the ratio of flow channels to equipotential drops 
is the varying factor in this problem. Looking from a purely graphical standpoint analyzing the 
flow nets we can see that as the walls get deeper the number of flow channels increase and 
squeeze closer together (Minato 2008). This is a bi-product of the water flow path increasing in 
length due to the deeper walls. You can picture that as the path gets longer then we will need to 
include more equipotential lines to keep the flow elements creating approximate squares. This 
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creates a balancing type act which requires more flow channels to create squares, and while the 
number of flow channels and equipotential lines is not important we can see that a longer flow 
path will require more equipotential lines to be added than flow lines being added. This will 
reduce the flow lines to equipotential lines ratio and therefore reduce the seepage losses.  
From a design standpoint seepage can introduce inherent problems. A large value of seepage can 
lead to a buildup of water at the downstream soil layer which can present itself as softening the 
soil and compromising the stability and load bearing capability of the soil, or in some cases, 
pooling above ground level. The movement of the water through the soil can also disrupt the soil 
makeup and lead to unwanted voids and soil buildups, which introduce additional stresses to the 
soil and surrounding structures. A quicksand effect can even occur downstream at a worst case 
scenario, this will be discussed later. We can quickly conclude that the use of these retaining wall 
structures helps us to create a stable/solid foundation for construction which restricts the flow of 
water to the foundation site allowing us to reinforce the stability of the foundation. This is crucial 
as a structure is only as good as its foundations (Minato 2008). The results suggest that the 
deeper the walls used, the less seepage through to the downstream area will occur giving us a 
more suitable foundation to build on. The seepage losses can also be managed by introducing a 
drainage or filter system. Or in instances where a constant seepage value is required to be 
maintained then the constant addition of water upstream to maintain the head (potential) value is 
required. This is another important design factor which requires us to analyze the water seepage 
through a soil. 
Pore water pressure: 
Looking at the results tabulated for pore water pressure it can be seen that the magnitude of the 
pore pressure values are much greater at the bottom of the walls when the walls are deeper. This 
is clearly due to the larger depths that are being reached with the deeper walls. At these deeper 
points there is far more soil and water directly above the points in question which increases the 
pore water pressure (Minato 2008). It is easy to imagine the amount of force being exerted on 
any given point is a function of the weight of the medium directly above the point, therefore the 
deeper you travel, the larger the weight forces being exerted on a given void containing water. 
This would put the water in extreme compression and hence the large pore pressures experienced 
by the deeper walls.  
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Another factor influencing the pore pressure is the squeezing together of the flow channels at 
greater depths. Essentially what is observed is a case where deeper walls leave less of a space for 
water to flow through between the bottom of the walls and the impervious rock layer. This forces 
the water flow channels together and, in turn, increases the pore pressure in these regions. 
In terms of how this influences the walls themselves we can see that based on the pressure 
diagrams shown in the calculation appendices these pore water pressures in zones contacting the 
walls cause a lateral pressure (and resulting force) to be exerted on the walls. By observing the 
gross pressure diagrams we see that the crushing forces exerted on the walls, which is seen as 
two opposing pressures at a given depth point along the wall, are far greater on the walls with a 
larger depth (Minato 2008).  
Furthermore, by analyzing the net pressure diagrams generated, it can be seen that there is an 
imbalance in pore water pressure along each side of the walls. This is caused by seepage. If there 
were no seepage, that is, the total head on each side of the wall was identical then water would 
not flow causing a balance in pressure acting on each side of the wall. The higher net pressures 
are located on the upstream sides of the walls which would exert a lateral force on the wall trying 
to push it over. This phenomenon is a major design factor where the wall must be able to 
withstand these net pressures (Minato 2008). In doing this the walls create a fixed surface for 
which to anchor the soil on the downstream side of the walls, giving greater stability for the 
purpose of building on or many other purposes. It is also worth noting that the net pressures 
decrease as the depth below the soil level increases, this is due to being less equipotential drops 
between corresponding points on each side of the wall. This means that the further down we sink 
the walls the more stable they will be and have less chance of failure by falling over above 
ground level or shifting in the soil below ground level, as long as the walls are designed to be 
able to withstand both crushing and net pressures. It is also worth noting that an important factor 
in designing a wall to reach a certain depth is the ability of the wall member to be able to 
withstand the forces required to physically force it into the ground to the desired depth. 
Hydraulic gradient: 
Since an experimental setup incorporating a piezometer was not used, the graphical method of 
determining the hydraulic gradient for each design case is determined. The first step is to 
determine a sample location in the soil cross section to perform our measurements and 
calculations. In order to make use of the drawn to scale flow nets we can identify a flow element 
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as being a sample which will allow us to obtain all of the required information to calculate the 
hydraulic gradient (Minato 2008). The question requires us to estimate the „largest‟ hydraulic 
gradient for each case, in order to achieve this we need to understand the nature of the flow net. 
We recall that a flow channel describes the direction of flow of seepage water, this is important 
as the length (L) to be calculated must be in the direction of the water flow. Therefore it will 
most probably be a curved path and may need to be estimated to some degree failing to have the 
correct equipment for perfectly measuring a curved line. Next we must recall that equipotential 
lines represent a drop in total head. In previous calculations we saw how dividing the total head 
loss by the number of equipotential drops gave us the value of head loss per equipotential drop.   
This strategy highlights the fact that when the length is at a minimum value, the hydraulic 
gradient will be at its maximum value. Therefore to determine the maximum hydraulic gradient 
the smallest flow element must be identified for each case and apply the hydraulic gradient 
equation to those flow elements (Minato 2008). It can be seen that this procedure will introduce a 
whole range of inaccuracies. Again it is relied upon firstly that an accurate flow net drawn to 
scale which in itself can prove to be inaccurate if great care is not taken. Secondly the process of 
measuring the length of the curved flow elements is very much an approximate approach. 
Ensuring that the same method was followed will at least give us a good indication of the relative 
values between cases 1-3.  
Once the velocity/hydraulic gradient increases past a crucial value the water flow may become 
turbulent which can be detrimental to the soil and its sheer velocity can cause movement in the 
soil from one area to another leading to unwanted voids and buildups which would introduce a 
whole new range of stresses on the soils and surrounding structures (Minato 2008). In upward 
seepage a high hydraulic gradient/velocity can also lead to the quicksand or boiling effect due to 
the high upward force of the water causing the soil to seem weightless in sections and 
compromising the stability of the soil. In these cases turbulent flow should not be an issue as the 
nature of the flow is seepage which is relatively slow, and the quicksand effect will be analyzed 
further in the following section. 
Safety Factor: 
Downstream seepage failures take the form of soil instability due to a reduction in effective unit 
weight of the soil (Minato 2008). This is the result of hydrodynamic pressure, a force exerted on 
soil due to water flowing through it. In the upstream portion of the design cases water is flowing 
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downwards (same direction of gravity) therefore the effective weight of the soil is increased, this 
can cause tighter packing of the soil or movement of soil particles but rarely causes failure. In the 
downstream section of the design cases water is flowing upwards (opposing gravity), and 
therefore opposing the weight of the soil due to gravity, causing the effective weight of the soil 
to be reduced. As the effective weight is decreased the stability of the soil is also reduced, 
causing a rise (or heave) at the surface due to an increase in permeability, this is the first sign of 
instability. Eventually the effective weight equals zero, that is, the downward weight forces equal 
the upward seepage forces and the soil appears weightless (Minato 2008). At this point the soil 
loses its ability to bear load as it normally would and its stability is severely compromised. At 
this point we can identify a critical hydraulic gradient/velocity that causes such instability and 
design accordingly to prevent this occurrence. 
This concept is also known as the quicksand effect. In the downstream portion of the soil the 
water flows upwards and loses potential, this exerts a drag force on the soil grains. The drag 
force resulting stresses on the soil particles oppose the self weight stresses and therefore the 
effective stresses decrease. (Minato 2008)When the drag force stresses due to high flow of water 
are sufficiently large the soil particles loosen up and are displaced, causing a boiled or quicksand 
effect which results in sinking or structures resting on this soil as it has lost its ability to bear 
load.  
6.5 Extension to problem 
 General 
 
The most important element to take away from this exercise of project based learning in relation 
to flow nets  is that each design is completely different and the requirements are governed by a 
complex series of factors, all of which need to be taken into account. Each application needs to 
be designed to suit and all of these calculations and analytical values are tools for the designer to 
make the best possible decision with the confidence that the design will do the required job 
without being overkill or an inefficient design. This has been a very valuable lesson in how water 
seepage effects soil, how to quantifying and understanding the effects, and what measures can be 
taken to reduce the magnitude of these effects. All striving towards the goal and achieving a 
successful design (Minato 2008). 
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 Other uses of flow nets 
 
As has been demonstrated in the project based learning task, flow nets can be used to map and 
calculate the flow of water through soil mediums. In the instance of this project the goal of flow 
nets was to simulate the idealized flow of water below a sheet pile wall. Gravity dams and earth 
dams could also benefit from analysis using flow nets. This method of analysis could be used to 
combat overturn and to optimize the downward force a dam should exhibit to withstand failure. 
Flow nets could be used in relation to retaining walls and subsoil drainage works. Any 
geotechnical engineering structure could make use of the graphical and quick calculation 
advantages that flow nets offer. Foundation design and piling works could be optimized and 
more efficiently designed when utilizing the assistance of flow net calculations. 
Flow net theory originates from mechanical analysis of heat flow. Flow nets in terms of heat 
have these days been transferred to analysis of liquid flow as well as heat and gas flow. Flow 
nets have numerous uses in all streams of engineering, including electrical fields, civil structures, 
mechanical heat transfer and agricultural industry. This project based learning task has simply 
looked at one small area of flow net uses. Potentially there are more areas that this theory can be 
used in along with appropriate Laplace equation derivations.  
 Worked examples to other problems 
 
This project has demonstrated how flow net theory can be a very useful and applicable tool in 
engineering. To better understand and continue to develop skills in the analysis of flow nets, it is 
important to practice and work through multiple worked examples. The following table lists text 
books that give appropriate examples of flow net problems and should be read and referred to for 
a better understanding of the theory: 
Table 6.1 Text book references 
Resource Type Author Title Publisher / Source 
Text Book CEDERGREN, Harry R. Seepage, Drainage and Flow Nets. 
Third Edition. 
John Wiley and Sons, Canada, 1989. 
Text Book REDDI, Lakshmi N. Seepage in Soils Principles and 
Applications. 
John Wiley and Sons, Canada, 2003. 
Text Book CRAIG, RF. Soil Mechanics, Fourth Edition. Chapman and Hall Publications Pty. Ltd., London, 
1990. 
Text Book DAS, BM. Principles of Foundation Engineering, 
Fifth Edition. 
Thompson Learning Inc., USA, 2006. 
Text Book DAS, BM. Principles of Geotechnical 
Engineering, Sixth Edition. 
Cengage Learning, USA, 2006. 
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When learning new concepts it is not a good method of knowledge to simply read and look at an 
example problem. Make sure the time is taken to work through problems independently and 
ensure the concept is understood and repeatable by oneself from memory.  
 Other possible project based learning outcomes 
 
This project based learning task has achieved the following outcomes: 
1. Freedom for diversity and knowledge of subject. 
2. Improved communication and documentation quality. 
3. Open forum for analyzing both technical and experimental data.  
4. Development of organizational strategies specific to problem based learning. 
5. Demonstration of presentation standards. 
6. Management of people and resources. 
7. Development of team work, leadership and communication quality. 
All of these learning outcomes have been expressed through the progress of the work involved in 
this project. Other project outcomes that could be achieved in the future could include: 
1. More technical analysis using numerical models. 
2. Development of standards and procedures. 
3. Comparison to Australian Standards of results. 
4. Development of accurate design tables/charts. 
All of these outcomes could be achieved in the future with more research and experimentation in 
relation to flow nets and ethical responsibility. Refer to Appendix G, H and I for details.  
 Own reflection - Did I learn a lot? What did I learn? What helped? What could have 
been done better? How did I feel about it? 
 
Project based learning allows freedom of thought, diversity in interpretation and releases the 
constraints that many other assessment tasks entail. Being able to communicate individual 
interpretations and differences in understanding and opinions that may be reached encourages 
personal learning. Learning at one‟s own pace and developing individual learning techniques has 
125 
 
improved individual understanding and application of different engineering techniques. Utilizing 
personal time and style to design individual ways to tackle a problem have encouraged depth and 
range of research used and resources applied.  
 
The advantages of project based learning are that there is limited restriction on ideas and 
freedom of thought towards a solution. There is no right or wrong answer and as long as 
communication and research is evident, a student can achieve well in assessment items. 
Although research problems can be vague and lack direction to begin with, student perceptions 
can interpret their own learning style and project outcomes.  This at first raises questions and 
concerns in a student‟s mind, but through the use of examiners articulated marking criteria; it can 
be understood and expressed what eventual answers are required at completion. The way a 
student feels and appreciates learning in different ways improves diversity and awareness of 
different learning, teaching, research and communication styles.  
 
As a student I found the outcomes of this style of university assessment both challenging and 
rewarding. I was given the ability to draw on knowledge and resources I had attained through my 
entire degree and experience and express it in this style of research task. This assessment did 
offer challenges in the forms of direction, precision and clarity. It was hard for me to pool all of 
my gathered information and make it short, concise and directed towards one goal. Although the 
given problem was vague, through the use of marking criteria, this gave me direction and 
understanding of what a particular examiner may specifically look for.  
 
6.6 Summary and conclusions 
 
This chapter has given an overview and a summary of the thoughts feelings and outcomes of 
project based learning. The benefits and areas of improvement for the future have been 
documented in this chapter. Future work could go into this area and more effort could be made to 
conclude and round off this area of research.  
 
This research project has aimed to give an insight into the processes, thoughts, ideas and benefits 
of project based learning. The problems and processes presented in this paper are directly related 
to a current students work in a final year engineering project. Freedom of thought, clarity in 
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understanding and critical evaluation of research used, has all been challenges that the student 
will face. The final project presented by this student will be an example of how a university can 
mould a well rounded student displaying graduate qualities in communication, technical ability, 
disciplined expertise, professionalism global citizenship and lifelong learning. To be a graduate 
engineer to some students may just be a piece of paper. But to mould and nurture a graduate 
engineer who is well rounded and able to progress directly into the workforce demonstrates the 
universities connection with society. This is a connection that improves a students understanding, 
appreciation and effectiveness in commitment to learning, communication and dedication 
towards a fulfilling career.   
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Chapter 7
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7.0 Concluding Remarks 
7.1 Summary 
 
It is the intent that this chapter summarizes and promotes conclusions of the research conducted 
throughout this project based learning task. Overall the achievements that have been prescribed 
for this project based learning task have been achieved. The method, design, actions and 
conclusions drawn from a cofferdam problem in relation to flow net analysis have been achieved 
and documented. It was found that the research problem could be taken from many different 
perspectives. The decisions and conclusions drawn from the flow net style of analysis 
demonstrates engineering ability, thinking and efforts.  
7.2 Conclusions 
 
From the research conducted in relation to cofferdams it was found that the optimum embedment 
or penetration of sheet pile wall into a soil medium is approximately one third the total length of 
the sheet pile wall. This design standard ensures efficiency of design and resistance to 
downstream quicksand failure. This value has been adopted as the optimum value prescribed 
from this report. Please refer to Chapter 6 for more detailed project outcomes. Overall the 
conclusions from this report are: sound demonstration of technical ability, correct use of flow 
nets, good use of physical modeling and demonstration of written communication.  
7.3 Recommendations for future work 
 
For future work the following research could be conducted: 
1. Develop a numerical model using MATLAB or some other modeling devices to evaluate 
the flow net cofferdam problem. 
2. Make use of a Finite Element Model to investigate the characteristic effects of water on 
cofferdams. 
3. Use photographic tracking of soil particles to map effects of water on soil mediums. 
4. Research three dimensional modeling of flow nets. 
The following research could also be conducted into other areas using flow nets including: 
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1. Research into gravity dam models. 
2. Look at the interface effects of different soil medium at different compactions. 
3. Do research relating to multiple sheet pile walls, gravity dams and foundation types as 
well as retaining wall structures. 
Utilizing flow nets in all these areas could prove to be interesting in the engineering field.  
 
7.4 Advanced numerical modeling 
 
Future work that also could be completed in relation to this project could be related to advanced 
numerical modeling. Software packages such as Seep W by geostudio can analyze some basic 
engineering structures using seepage models. This style of programming utilizes excel spread 
sheets and MATLAB programming scripts to give numerical outputs of geotechnical problems. 
To further optimize the current solution provided in Chapter 4, more iterations of the design 
process should be conducted. More advanced means of analyzing this research problem could 
provide more conclusive results.   
7.5 Finite element programming 
 
Using a finite element model similar to that of strand 7, outputs could be used in relation to flow 
nets. These programs could only be used if the soil is considered to be homogeneous and 
confined. The university of Baghdad Iraq has produced a program that utilizes finite element 
modeling. This program is called EPTS (Educational Program for Teaching Seepage Studies). 
The university of NSW has conducted research alongside this university to look into the 
simplified finite element modeling of two dimensional structures. This program uses a layering 
technique to utilize a finite element solver.   Refer to references for the details of this research 
paper. 
Another form of modeling that could be trialed would be that of PIV (Practical Imagery 
Velocitometry). This style of program could be used to analyze two dimensional seepage models 
used in this report to create vector fields of image movement. This style of modeling utilizes a 
MATLAB script that gives numerical and graphical vector outputs for the movement of pixels of 
a digital high definition movie of a test specimen. Contained in the CD with this dissertation are 
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movies taken from physical models. These movies could be used in conjunction with PIV 
technology. 
7.8 Conference paper 
 
As part of this dissertation, a draft conference paper has been presented and written in Appendix 
J. Please refer to appendix J for details of a possible conference paper. Note that this is a draft 
conference paper and more alterations need to be made to an introduction, while the abstract and 
overall presentation structure still needs to be altered. It is the aim that more technical data be 
included in this draft conference paper and further changes are still to be made in the future.  
7.9 Technical Paper 
 
A technical paper similar to that of chapter 4 could be extracted from this dissertation to be used 
as a direct technical solution paper. For the format and style of presentation, Chapter 4 of this 
dissertation could be used in a technical report aspect. In industry it is likely that reports such of 
this would be required for use, however most companies have specific styles, standards and 
headings that must be included. Chapter 4 of this report serves as a rough guide to technical 
report structure and could be used in the future for this purpose.  
7.10 External students field guide 
 
It is the intention of this dissertation for it to be used in the future as a reference guide for onsite 
engineers and a course selected reading material for external students studying geotechnical 
subjects. The style that this project has been written in is non-traditional and is designed in a way 
to be more informative on a simplistic level. Saying this, the simplified approach this dissertation 
has utilized is intended to bridge the gap between technical jargon and the learning processes. 
This dissertation is an example of acceptable communication and writing style for a graduate 
engineer presenting a research based project learning task to a manager or superior.  
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Project Specifications 
University of Southern Queensland 
 
FACULTY OF ENGINEERING AND SURVEYING 
 
ENG4111/4112 Research Project 
PROJECT SPECIFICATION 
 
FOR:    Joseph Edward MARSTELLA 
 
TOPIC:  The concept, analysis and critical thinking involved in flow net theory - a 
project based learning approach using cofferdams 
 
SUPERVISOR:  Dr Jim Shiau 
 
SPONSORSHIP: University of Southern Queensland, Faculty of 
Engineering and Surveying and The Office of Research and Higher 
Degrees. 
 
 
PROJECT AIM: 
 
This project aims to investigate a comprehensive analysis into the concept of flow net theory. 
Research will be conducted to justify correct numerical calculations relating to flow net theory. 
A scaled physical model will be used to evaluate and validate theoretical knowledge. The 
problem of water seepage into a cofferdam construction site will be technically researched and 
documented using correct professional engineering techniques. The final goal of this project is to 
produce a comprehensive project based learning dissertation that defines flow net theory and 
relates it to student engineers and site/field engineers. 
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PROGRAMME:  (Issue A, 23rd March 2010) 
 
5. Conduct research into previous theory and methods of flow net analysis. 
6. Demonstrate correct engineering writing ability in relation to project based learning of 
flow nets. 
7. Investigate the phenomena of flow net theory relating to cofferdams and produce a 
technical report. 
8. Create a comprehensive physical model that demonstrates the effects of water seepage 
into cofferdams and explains the quicksand phenomena. 
9. Detail information that relates to presentation, critical thinking and engineering concepts 
in relation to professional engineering knowledge. 
10. Demonstrate possible uses of flow net graphical analysis in the field. Also demonstrate 
how flow nets can be used in other water seepage problem areas. 
 
 
As time permits: 
 
11. Develop a numerical model using MATLAB or other modeling device to evaluate the 
flow net cofferdam problem. 
12. Make use of a Finite Element Model to investigate the characteristic effects of water on 
cofferdams. 
13. Use photographic tracking of soil particles to map effects of water on soil mediums. 
 
 
AGREED                                           (student)                                             (supervisor) 
Date:   /   / 2010       Date:   /  / 2010 
 
Assistant Examiner: 
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Project Description 
Faculty of Engineering and Surveying 
Courses ENG 4111 & 4112 Research Project Parts 1 & 2 
TOPIC OFFER 2010 
 
Title: The concept, analysis and critical thinking involved in flow net theory -- a project based 
learning approach using cofferdams. 
 
Available for Major/s: Civil. 
 
Sponsor/s: The University of Southern Queensland Faculty of Engineering and Surveying and 
the Office of Research and Higher degrees. 
 
Project Description / Direction(s) / Information: 
 
Cofferdams are a widely utilized construction technique used to create a dry, consolidated 
working area for foundation construction through the displacement of water. In most cases 
cofferdams can be defined as a working area below water table level, but exhibiting a dry 
working environment. A flow net is a graphical means of representing the seepage of water from 
the exterior environment into the cofferdam construction area. 
 
The purpose of this project is to use a flow net analysis method to correctly determine the 
seepage into a cofferdam working area. There are several engineering textbooks that detail the 
method of flow net graphical construction, but there are errors in the calculations and there are 
some discrepancies present. This project will aim to provide a comprehensive understanding, 
analysis and design procedure for the correct evaluation of cofferdams using flow nets. 
 
One aspect that this project offers is the ability for it to be used as a teaching tool. Investigation 
into professional report writing, formatting procedure and detailed professional writing will be 
included in the scope of this project. Not only will physical modeling be evaluated along with 
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theoretical research, but also the application of corrected flow net theory to the construction of 
cofferdams. This project aims to produce a comprehensive overview of flownets and their correct 
application to cofferdam construction. 
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Total marks for this assignment (out of 1000 mark
Assessments Marks given above Final marks given 
(out of 1000) 
PRESENTATION (10%)   
RESEARCH & ACADEMIC THEORY (30%)   
ASSIGNMENT REQUIREMENTS (60%)   
Total marks for this assignment:                        out of 1000 
Students are marked according to: 
Allocation of marks in 
regard to overall assignment 
(%) 
Presentation style 3 
Language used 4 
Effective use of figures, tables and sketches 3 
Knowledge of background 8 
Research evidence 8 
Principles applied and draw upon 8 
References used 6 
Assumptions made 10 
Calculations used 10 
Critical thinking and proposed solution 20 
Recommendations 10 
Conclusion 10 
Comments overall: Total:                /100 
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Case 1
 
Scale 1:200  
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Case 2 
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Case 3 
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Consequential effects 
 
Aspects of sustainability 
 
Carbon neutrality is a key aspect of this research project.  Reasonable means will be taken to reduce, 
reuse and recycle all materials used in physical modelling. Also use recycled paper to print drafts and 
research information (Harr ME, 1962). Keep electronic copies of information required and don’t print 
unless necessary (Luthin JN & Marino MA, 1982). Acting locally and thinking globally are essential to the 
sustainable development of this research project.  
 
Ethical responsibility 
 
It is important to acknowledge the Giabal and Jarowair people of Toowoomba, Ugarapul people of 
Springfield, and Butchulla people of Fraser Coast as the traditional custodians of the lands where each 
USQ campus is located (Das BM, 2006). 
 
Planning, management and finance 
 
Managing the use of materials for the life of the project is vital. Funds have been gained from the USQ 
Faculty of Engineering and Surveying and also from the USQ Office of Research and Higher Degrees 
(Reddi LN, 2003). Managing these finances in an efficient and cost effective way is essential. A time line 
of progress and project work time frames is detailed in the following sections.  
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Risk assessment 
The following are possible risks that may be encountered through the life of the project: 
Risk:    Repetitive use syndrome. 
Caused by:   Excessive computer use and writing. 
Likelihood:   Very likely. 
Management strategies: 5 minute breaks every 20 minutes and the use of stretching exercises 
for fingers and muscles.  
Risk:    Poisoning. 
Caused by:   Dyes, silicon Perspex dust. 
Likelihood:   Moderate. 
Management strategies: Read and beware of materials safety data sheet and use chemicals in 
correct manner. 
Risk:    Lifting and back injury. 
Caused by:   Lifting testing apparatus and moving physical model 
Likelihood:   Moderate. 
Management strategies: Bend knees to lift. Don’t lift over 20kg individually. 
Risk:    Slips, trips and falls. 
Caused by: Moving around the laboratory with water and hose pipe around. 
Likelihood:   Moderate. 
Management strategies: Clean up spills. Don’t leave items on laboratory floor. Secure hose and 
pipes in a neat and appropriate way. 
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Resource planning 
 
The following is a list of the resources purchased. Careful use of resources is essential for the cost 
benefit of this project based learning research dissertation. 
 
Item Quantity Cost Total 
Perspex 1 sheet $260 $260 
Silicone 1 tube $12 $12 
Screws 100 $0.3 $30 
Brass Tap 6 $4.67 $28 
Brass Male to Male connector 6 $4.67 $28 
Brass Nipple 6 $4.67 $28 
12φ mm plastic tubing 12 m $2 $24 
Paper 5 reams $10 $50 
Printing 1  $30 $30 
HD Video recorder Hire 1 - - 
Water supply - - - 
River sand 0.5m3 $40 $20 
Dye 1 bottle $5 $5 
Needles 9 $2 $18 
Syringe 9 $2 $18 
Ply wood for frame 1m2 $20 $20 
Markers, pens and pencils - $10 $10 
 Total $581 
 
The use of the resources prescribed in the table above will be used throughout the life of the project to 
physically model and produce technical information required. It is essential to manage these resources 
in an appropriate, professional and ethical way. Waste will be conserved and reused and all results of 
this project can be used for further research and documentation.  
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2 INTRODUCTION - THE PROPOSED PROBLEM 
 
Project based learning is best described and demonstrated through the application and presentation of an actual 
scenario. This research paper will aim to summarize the benefits, rewards and meaningful outcomes that can be 
cultured and achieved through project based learning. The following scenario is an example of a project based 
learning task that will be explained and could be solved through problem based learning. It is important to 
understand the importance and impact that this scenario should have on graduating engineers as they depart from a 
tertiary education and enter the workforce. 
 
(Source: Das 2006) 
Figure 2.1 Possible Cofferdam Construction Site 
 
 
This is a project based learning task involving research in relation to the design of a cofferdam. The following 
scenario was presented to a student by a project supervisor for a final year research project. 
“Imagine you are a graduate civil engineer working for a Geotechnical Consulting firm. Your boss 
confronts you one day and gives you a photograph of a possible project site (Figure 2.1). Your boss is a typical 
business manager with non-technical experience in relation to geotechnical engineering. He/She may be incredibly 
vague as to what project analysis is required for the problem and would be only interested superficially from a cost-
benefit perspective.  It is your job, as a geotechnical engineer, to do a preliminary investigation of the possible 
project site. You must present and discuss implications that may arise through your analysis. Address the 
investigation and present outcomes in a professional manner and demonstrate your critical thinking, concepts and 
assumptions.” 
The following research paper will now be presented in a fashion and an effort to represent the process of 
project based learning involving cofferdams through the use of flow net theory.  
 
 
3 BRAINSTORMING AND A LIST OF WORK BREAKDOWN STRUCTURE 
 
Project based learning is an important concept and skill to attain. The geotechnical engineering problem 
that has been presented in this research paper can be interpreted in many different ways. It is important to initially 
research and document the different ways in which a problem can be interpreted to solve. Brainstorming and mind 
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mapping are conceptual tools that can be used to organize and present the different thoughts and ideas an individual 
may have towards a problem in an ordered manner (Reddi 2003).   
It is important to recognize what a manager or boss is directly interested in when presenting research 
information. Presenting all information in a logical and easily understandable way is essential. The best way to go 
about forming, presenting and justify your interpretation of a problem is best described in Figure 3.1. 
 
 
Figure 3.1 Thought process. 
 
Brainstorming is basically a process where all ideas are transferred from thoughts in an individual‟s mind 
to words, groupings and idea bubbles on a page (Reddi 2003). Brainstorming is an example of transferring ideas into 
actual readable literature. Basically brainstorming is turning ideas into reality and then evaluating their worth.  
Brainstorming is a multiple step process whereby each brainstorming routine further defines the perception and idea 
that will eventually be presented in a research project report.  
Mind-mapping the ideas and thought process is a further extension on brainstorming. Developing linkages 
and relationships between each thought pattern in a student‟s thought process is essential to understand and interpret. 
This procedure involves the accumulation of ideas and the way these ideas can be used in conjunction with each 
other. At this stage of preliminary project planning no idea is too trivial or unrealistic. Any thought process or 
information interpretation should be documented and presented as a plausible way of thinking. Obviously some 
ideas may seem to „feel‟ or „look‟ better than others, but these thoughts are trivial at this stage in planning.  
Defining and analyzing is the stage at which ordered ideas are valued in terms of worth and application 
towards the solution process. Defining the actual problem solution a student will undertake can be diverse and 
subjective in each student‟s different interpretation (Reddi 2003). The definition process can be best described as the 
stage at which a student assembles one sentence to act as a defining statement that will be adhered to through the 
entire research process. With regard to the geotechnical research based problem presented, a student may decide to 
define it as “a technical analysis of a cofferdam structure with the use of flow nets to obtain a comprehensive 
understanding of its advantages and flaws”. This statement will be used as the defining and analyzing criteria that all 
ideas now will be structured around.  
Analyzing and deciding on the course of action towards the solution process of the given research project 
are now the stages to tackle. These thought processed involve clear and concise interpretations of a student‟s of 
ideas and understanding. Drawing on different skill sets and knowledge bases, this forces a student to adapt and 
diversify to a choice of solution process they chose. Taking action on an idea and following through with its 
presentation is imperative. There is not a right or wrong way to go about this. Communication, understanding and 
the way a solution is presented is how well it can be rated in terms of correct analysis of the problem given. Review 
and reflection of learning outcomes is the final stage in a problem solution process. Reviewing a student‟s of 
thoughts on technique and understanding is essential. Self assessment is the hardest and most subjective type of 
assessment any individual can do. The way a student evaluates their own performance is a sure measure of how well 
they have dedicated and understood the research outcomes. Figure 3.2 displays a defined, analyzed and decided on 
example of a brainstorm or a mind map example solution to the given geotechnical problem. 
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Figure 3.2 Final brainstorm actions. 
 
Now that a solution process has been defined, a work breakdown structure must be performed and adhered 
to. In terms of project based learning, a work breakdown structure is the steps, chapters and literature required to 
comprehensively presented a meaningful and applicable solution to the given problem. A breakdown of works is the 
individual jobs that need to be completed to successfully present all information in a logical way. Knowing and 
understanding the individual tasks that need to be completed is best presented in a project management style work 
break down structure. Presented in Figure 3.3 is an example of the work breakdown structure this research project 
will take on.  
 
 
Figure 3.3 Work breakdown structure of research project. 
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4 PHYSICAL MODELLING OF FLOW NET AND QUICKSAND FAILURE 
 
 A flow net is a graphical means of representing the seepage of water from the exterior environment into the 
cofferdam construction area. Flow nets were first developed in the 1900 by Philipi Forchheimer, an Austrian 
Engineer who used flow nets to predict the seepage of water into a tunnel under the English Channel (Muskat ME, 
1937). Flow net modeling is a relatively simple process that involves the hand drawn sketches of perceived water 
seepage. Although this is a subjective and seemingly rough method of engineering analysis, if the right technique 
and style of interpretation is used, relatively accurate results can be achieved. Figure 4.1 represents an example of an 
embedded sheet pile wall embedded with a water table present. A flow net has been constructed and demonstrated 
below. 
 
(Source: Das 2006) 
Figure 4.1 Flow net example. 
 
 
A flow net is used to analyze the flow path, flow length, seepage, head loss and safety factor of an 
engineering structure. This information is determined from a flow net through the use of Laplace equations and 
derivations. In terms of this project based learning exercise, different failure modes and optimum design will be 
determined. Quicksand condition is one such phenomenon this project based learning task particularly aims to 
explore. Quicksand, or soil liquefaction, is a condition where soils act like a liquid instead of a solid when loaded. 
Loose and moderately saturated materials are prone to soil liquefaction and eventual failure (Das BM, 2006). This 
condition results in the increase in pore water pressure and eventual decreased shear strength. Inter-particle bonds no 
longer maintain the integrity and structure of the soil medium and failure by quicksand occurs (Das BM, 2006).  
Sands and silts are most prone to quicksand failure in loading situations. Liquefied soil can no longer support weight 
and move as water moves when pressure is applied. An example of this is the presence of sink holes after seismic 
activity (Cedergren HR, 1989). Saturated sand may appear solid but simply flows like water when any load is placed 
on it. Insufficient depth of embedment is a key failure criterion of cofferdams. Quicksand aids this failure as 
embedment is not great enough to support soil structure under water loading. Sand flows and overturning occurs 
(Fok YS, 1988).  
The use of a physical model has been designed to test and present an example of flow net generation and 
quicksand failure. Figure 4.2 is one example of a Perspex tank that was used for testing.  This tank was filled with 
course river sand to a prescribed level and a constant head of water was applied. As seepage began from one side of 
the sheet pile wall to the other piping was observed. This piping followed by heaving at the downstream toe of the 
sheet pile wall was a gradual failure mechanism. As heaving continued, sand particle sliding began; this was then 
followed by catastrophic failure via quicksand. When the downstream depth of embedment was increased in later 
models, quicksand failure was no longer observed.  
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Figure 4.2 Physical Model Tank 
 
 When failure through quicksand was no longer observed, flow nets were able to be constructed. Using 
syringes to inject dyes into the sand medium enabled different flow lines to be observed. Different depths of sheet 
pile embedment were tested to obtain the optimum value. This optimization process took into account safety factor, 
seepage loss, embedment depth and resistance to quicksand failure. Through physical modeling of a scaled example 
of a real life scenario encouraged a student‟s diversity in interpretation of results. Making a model is one thing, but 
the way it is used can result in different interpretations.  
 
 
5 TECHNICAL WRITING AND PRESENTATION 
 
 When developing a solution to a project based learning task, it is important to keep in mind the method and 
approach that will be used to examine the task. It is easy to change approach and miss items of importance when 
constructing a report to present to a manager. Problem based learning is part of this process. Choosing a solution 
approach is vitally important. Will you present your finding an essay format, a professional report, a technical report 
or as a simple email answer. All of these methods are beneficial in their own unique ways; however, for the purpose 
of project based learning it is essential to have proper communication and understanding.  
A numerical report could be presented as a solution document, but would be of little understanding to a 
superior manager. It is important to both report technical/numerical information, but also draw conclusions and 
explain their meaning in an understandable way. Communication is vital to knowledge and understanding. In the 
case of this research based project based learning task, information will be presented in both a professional 
dissertation format and examples of how to write a justified technical report will be given.  
It is important to remember that this geotechnical project based learning task will be researched as an 
example of a professional technical report developed in a dissertation medium. All explanations, process and 
theories explained are drawn on to develop a technical report that would convey a solution to the given problem that 
can be presented to a manager. Use of explanation language and a format that explains and conveys knowledge and 
understanding is imperative. The style that this research project will undertake is one that will explain a technical 
report and then use a technical report in which to provide a solution to the given problem through the given 
brainstorming exercises. 
The authors of this research paper have found that a combination of technical and professional report 
writing styles are most effective in solution of project based learning tasks. In relation to this particular research 
project, students could be marked according to Table 5.1 where emphasis is not only placed on academic and 
research theory, but also on presentation, clarity and expression. This style of marking ensures that students are well 
rounded in there engineering ability and professional communication skills. 
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Table 5.1 Marking Criteria and Learning outcomes of Assignment 
Students are marked according to: 
Allocation of marks in 
regard to overall assignment 
(%) 
Presentation style 3 
Language used 4 
Effective use of figures, tables and sketches 3 
Knowledge of background 8 
Research evidence 8 
Principles applied and draw upon 8 
References used 6 
Assumptions made 10 
Calculations used 10 
Critical thinking and proposed solution 20 
Recommendations 10 
Conclusion 10 
Comments overall: Total:                /100 
 
Figure 5.1 represents an example of a slide layout for an oral business presentation. The ordering and 
systematic logic involved in verbal presentation of research results is an important part of project based learning. A 
student must understand that it‟s one thing to write a report for a project based learning task, but your understanding 
and verbal communication skills are just as important. A manger rarely has the time to read a thorough hundred page 
report, so a fifteen minute verbal presentation may be the best means to present important and crucial information 
relating to your research.  
 
 
Figure 5.1 Slide layout of project presentation. 
 
   
 
6 REFLECTION FROM A STUDENT 
 
 Project based learning allows freedom of thought, diversity in interpretation and releases the constraints 
that many other assessment tasks entail. Being able to communicate individual interpretations and differences in 
understanding and opinions that may be reached encourages personal learning. Learning at one‟s own pace and 
developing individual learning techniques has improved individual understanding and application of different 
engineering techniques. Utilizing personal time and style to design individual ways to tackle a problem have 
encouraged depth and range of research used and resources applied.  
 The advantages of project based learning are that there is limited restriction on ideas and freedom of 
thought towards a solution. There is no right or wrong answer and as long as communication and research is evident, 
a student can achieve well in assessment items. Although research problems can be vague and lack direction to 
begin with, student perceptions can interpret their own learning style and project outcomes.  This at first raises 
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questions and concerns in a student‟s mind, but through the use of examiners articulated marking criteria; it can be 
understood and expressed what eventual answers are required at completion. The way a student feels and appreciates 
learning in different ways improves diversity and awareness of different learning, teaching, research and 
communication styles.  
 As a student I found the outcomes of this style of university assessment both challenging and rewarding. I 
was given the ability to draw on knowledge and resources I had attained through my entire degree and experience 
and express it in this style of research task. This assessment did offer challenges in the forms of direction, precision 
and clarity. It was hard for me to pool all of my gathered information and make it short, concise and directed 
towards one goal. Although the given problem was vague, through the use of marking criteria, this gave me 
direction and understanding of what a particular examiner may specifically look for.  
 
7 CONCLUSION 
 
This research paper aims to give an insight into the processes, thoughts, ideas and benefits of project based 
learning. The problems and processes presented in this paper are directly related to a current students work in a final 
year engineering project. Freedom of thought, clarity in understanding and critical evaluation of research used, has 
all been challenges that the student has faced. The final project presented by this student will be an example of how 
a university can mould a well rounded student displaying graduate qualities in communication, technical ability, 
disciplined expertise, professionalism global citizenship and lifelong learning. To be a graduate engineer to some 
students may just be a piece of paper. But to mould and nurture a graduate engineer who is well rounded and able to 
progress directly into the workforce demonstrates the universities connection with society. This is a connection that 
improves students understanding, appreciation and effectiveness in commitment to learning, communication and 
dedication towards a fulfilling career.   
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